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ABSTRACT 
A terminal sire study was conducted to evaluate production and carcass traits of Texcl 
sired offspring compared to Suffolk and Columbia offspring. Breeding and lambing 
occurred on pastures during a 2-yr study. The Iambs were weaned at an average age of 70 
and 94 d and allocated to one of two finishing programs. The finishing programs were 1) 
direct to feedlot (FPl) and 2) pasture followed by feedlot (FP2). Lambs were slaughtered at 
an average weight of 57.8 kg. Birth weights, weaning weights and pre-weaning daily gains 
of lambs sired by Texel rams were similar to Iambs sired by Suffolk rams but greater (P < 
.05) than Iambs sired by Columbia rams. However, survival to weaning for Iambs sired by 
Texel, Suffolk or Colxmibia rams did not differ. In a pasture lambing system an estimated 
$19.21 per ewe per year was saved through feed costs alone, as compared to more intensive 
shed lambing systems. After weaning Suffolk sired lambs gained faster (P < .01) than 
Columbia and Texel sired lambs. Post-weaning average daily gains were greater (P < .01) in 
FP 1 than FP2 and led to an increase of 31 d to reach slaughter weight for lambs that initially 
grazed as compared to Iambs placed directly in the feedlot. Texel crossbred lamb carcasses 
had larger (P < .01) loineye area (LEA) than Suffolk and Columbia Iamb carcasses. Backfat 
(BF) was also higher (P < .05) in Texel than Suffolk crossbred Iambs. Body wall thickness 
(B WT) Was less (P <. 10) in Texel and Suffolk crossbred lamb carcasses than Columbia lamb 
carcasses. Dressing percentage and quality" grades were similar across sire breeds. Lambs 
finished in FP2 had more LEA (P < .05), and less BF (P < .10) and BWT (P < .01) than 
lambs finished in FP I. It was concluded that Texel rams used in a forage-based lambing 
system might have some potential for increasing lean mass in their offspring. However, 
V 
increase in lean mass of Texel crossbred lambs is counterbalanced by slower growth rate than 
Suffolk and Columbia crossbred lambs. Grazing lambs prior to finishing in drylot improved 
leaimess in lambs in this study. 
I 
CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Lamb carcass quality is becoming more important as consumers demand leaner meat 
than that actually produced. Production of lean Iamb to meet the consumer demand for less 
fat is a major challenge for the sheep industry, since consumption of mutton and lamb has 
fallen because it is among the least versatile, fattest, and the most wasteful meat produced by 
our domestic livestock species (Kempster, 1983). At present less than 30% of market lambs 
slaughtered in the United States meet requirements for leanness and muscling as specified in 
the "Certified Fresh American Lamb" program established in 1990 by the American Sheep 
Industry Association (Beermaim et al., 1995). 
To achieve the goal of meeting the demand of the consimier for leaner lamb, 
introduction of new sheep breeds and different feeding systems have been tried. 
Crossbreeding with new breeds can improve important production characteristics of ahready 
established breeds. Therefore, testing must be done on new breeds to determine the value of 
the breeds^ prior to crossbreeding with breeds of known performance. A reliable method of 
testing production performance and carcass characteristics is to compare the new breeds to 
well established breeds in a terminal sire study, the most obvious route to make rapid genetic 
progress. A terminal sire study is one in which the progeny of breeds in a study are 
monitored for various production traits (such as livability, birth weight, weaning weight, and 
average daily gain) and are then slaughtered to determine carcass characteristics (such as 
backfat, loineye area, dressing percentage, etc.). 
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Information on growth and carcass traits of progeny from different terminal sire 
breeds is required by lamb producers to facilitate choices in relation to production systems 
and changes in market requirements according to the consimier's demand for food with lower 
fat content. Croston et al. (1987), Wolf et al. (1980), Latif and Owen (1980), Leymaster and 
Jenkins (1993), Gallivan et al. (1993) and Ellis et al. (1997) compared several terminal sire 
breeds which included the imported Texel breed, which has been noted for an unusually high 
lean composition. Texel had less fat and more lean than expected at a given degree of 
maturity (McClelland et al., 1976). Whereas, Murphy et al. (1994) and McClure et al. (1995) 
had compared 100% concentrate diets in drylot and different forage based finishing systems 
for achieving desirable carcasses. 
In this dissertation the Texel breed, which originated in Europe and has a deserved 
reputation for producing very lean and well-fleshed carcasses will be compared with Suffolk 
and Columbia breeds. Along with breed substitution, the implication and application of an 
alternate lamb finishing system based upon utilizing pasture to grow lambs without 
depositing excess fat prior to the feedlot phase will also be evaluated. 
This study began on December 17, 1992, when 100 Polypay x Dorset crossbred ewes 
were exposed to either Texel, Suffolk or Columbia rams for a 35-d breeding season in south 
central Iowa at the McNTay Research Farm, Chariton. A replicated trial was conducted during 
1993 at the same location. Data pertaining to birth and postnatal traits (average daily gains, 
weaning weight and survival rate) up to weaning of Iambs sired by Texel, Suffolk or 
Colximbia rams will be presented in Chapter!. In Chapter 3, the weaned lambs of these diree 
breeds were evaluated for average daily gains in two different finishing systems, 1) direct to 
the feedlot following weaning and 2) backgrounding on pasture for 61 d following weaning 
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and then to the feedlot. Chapter 3 also evaluated the carcass characteristics of these finished 
iambs sired by Texei, Suffolk or Columbia rams. Together, these tv/o chapters illustrate the 
comparative performance of Texel, Suffolk and Columbia progeny in direct to feedlot and 
grazing plus feedlot feeding systems. 
Dissertation Organizatioa 
This dissertation is arranged as a series of two papers and includes a literature review 
before the papers. General conclusions and suggestions for future research have been given 
after the papers. 
Literature review 
Prenatal growth and development 
Although growth of the prenatal lamb is a continuous process, it is often divided into 
three periods. The period of the ovum lasts firom ovulatioa until attachment of the blastocyst 
to the endometrium about 10 d later. The embryonic period commences when the blastocyst 
becomes associated witb the endometrium and continues until about d 34. The fetal period 
extends firom about d 34 of gestation imtil birth (Black, 1983). Many factors are known to 
affect fetal growth, and birth weight. Most of these factors act by altering the rate of nutrients 
or oxygen uptake by the fetus from the maternal arterial circulation (Battagalia and Meschia, 
1981). 
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Alexander (1974) estinnted a strong correlation (r = .8) between the weight of 
cotyledons and the birth weight of Iambs from both normal ewes and those induced to 
produce small Iambs either through under-feeding or heat stress. Surgical removal of 60 to 
84 caruncles prior to the fertilization, significantly reduced both the cotyledons formed and 
Iamb birth weight. 
Litter size 
As litter size increased there was a decrease in birth weight of individual lambs 
(Boggess et al., 1991; Khan et al., 1991; Haciislamoglu and Evrim, 1995; Peeters et al. 
1996). Robinson et al. (1977) observed successive reductions in Iamb weights of 19,20, and 
14% as litter size increased in the prolific Fmnsheep x Dorset ewe from 1 to 2, to 3 and 
finally to 4. 
Owens et al. (1985) found single bom lambs were on an average 2 kg heavier than 
quadruplet lambs in Booroola Merino sheep. The first bom lamb of single and twin litter 
sizes was quicker to stand and suck than the first bom lamb of triplet and quadruplet litter 
sizes. Birth order did not affect the time taken to suck. 
Demiroren et al. (1995) compared three synthetic breeds (Canadian, Outaouais Arcott 
and Rideau Arcott), and two established breeds (Suffolk and Finnsheep) for productivity. 
The sheep were housed indoors year-around. They observed that total Iamb weight per ewe 
lambing increased by 2 kg at birth, 4 kg at 21 d and 15 kg at 91 d of age for each unit 
increase in litter size. Single bom Iambs weighed 69% more than twins at birth. 
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Eavironmental and maternal effects on performance of different crossbreds of thre*? 
sheep breeds (Flemish Milkshccp, Suffolk and Texel) were studied by Peeters et ai. (1996). 
They found Iambs from multiple births had lower birth weight and growth rate (up to 10 kg 
body weight) than single bom lambs. 
Lamb genotype and breed 
Dickinson et al. (1962) studied the influence of maternal and genetic factors on lamb 
size involving the transfer of fertilized eggs from one breed of sheep to another. They found 
that the genotype of lambs and maternal environments (weight and parity) both affected lamb 
birth weight. The maternal influence was much less than genotype influence. As the 
maternal environment became poorer, genotypic differences remained distinct but decreased 
in magnitude. 
Leymaster and Smith (1981) evaluated the Columbia breed as a potential terminal sire 
breed in. an experiment using the Suffolk breed as a standard of comparison. Lambs were 
bom in 1978 to Finnish Landrace crossbred ewes mated with Columbia and Suffolk rams. 
Breed of sire did not significantly affect ewe prolificacy, litter viability, number of lambs 
weaned per ewe lambing, or litter weaning weight at 49 d of age. Litters sired by Columbia 
rams were lighter in weight (P < .10) at birth than Suffolk-sired litters. Suffolk-sired lambs 
had higher (P < .05) birth, weights, pre-weaning daily gains and weaning weights than Iambs 
sired by Columbia rams. 
Birth weight, 70-d adjusted weaning weight, age at a constant market weight, and pre-
weaning and post-weaning daily gain were recorded on 467 lambs by Olthoff and Boylan 
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(1991). Breed types included Finnish Landrace (Finn), Suffolk, Targhee and Dorset, Fl 
crossbreds from Finn ewes mated to Dorset, Lincoln or Rambouillet sires, and multiple 
crosses from crossbred Finn ewes mated to Suffollc, Targhee, Dorset and Lincohi sires. 
Purebred Suffolk lambs consistently ranked first for all traits (P < .05) followed by Targhee, 
Dorset and Firm lambs. Performance of Fl crossbreds was similar among sire breeds. No 
significant difference in performance of multiple-cross lambs was found among sire or dam 
breeds, except for birth weight Age of dam effect was important for pre-weaning traits of 
yearling ewes. 
Flanagan and Hanrahan (1992) conducted a trial on rams from two breeds, Suffolk 
and Texel, for performance of their progeny. Birth weights of lambs sired by Suffolk and 
Texel rams averaged 4.2 and 4.4 kg, respectively. The difference in birth weight was 
significant {P < .05). 
Dam size, body conditioa and age 
Lamb birth weight was increased with increasing age of ewes (Nawaz and Meyer. 
1992) and was effected by parity (Wilsoa and Murayi, 1988). London and Weniger (1995) 
found that birth weight increased through, the fifth parity in dams in a sub-humid zone (1.89 
kg) and through the sixth parity in dams in a humid zone (1.71 kg). 
There was a positive relationship between parental size and birth weight of lambs 
both between and within breeds. From an equation developed by Donald and Russell (1970), 
Black (1983) calculated an increase in Iamb birth weight from 3.6 to 5.3 kg with a change in 
ewe breeding weight from 45 to 75 kg. Birth weight was significantly affected by ewe body 
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conditioa at parturition (Molina et al., 1991; Atti and Abdennebi, 1994) and tail 
circumference score of dam at lambing in Barbary ewes (Atti and Abdermebi, 1994), 
Maternal nutrition 
The birth weight of Iambs is very sensitive to the level of maternal nutrition during 
pregnancy, particularly late in pregnancy (Alexander, 1974). Thomson and Aitken (1959) 
found that the birth weight of twins was reduced to about 50 or 75% of a single lamb by a 
low feed intake by pregnant ewes. 
Hunnicutt et al. (1993) did not find any difference in birth weight of single bom 
lambs when ewes were stressed in early pregnancy by restricting feed. But birth weight was 
lower for twin bom lambs when compared with the control group with no feed stress. Black 
(1983) reported that nutritional restriction during mid pregnancy, in various experiments, 
resulted in either having no effect, reducing or stimulating fetal growth and lamb birth 
weight. 
Hoist et al. (1992) studied the effect of under feeding (below maintenance) on fetal 
growth and Iamb birth weight. Ewes were under fed for 4 wk starting 79, 87 or 95 d after 
mating. To achieve this feed restriction, forage availability was restricted to < 100 kg green 
DM/ha. The objective for restricted fed ewes was for them to lose maternal live weight and 
reach a body fat condition score of 3 (score 1 to 5, where 1 = lean) within a4-wk period. All 
restricted diets commenced during one 5-d period. Ewes reaching 79-, 87- or 95-d post 
coitus during that 5-d period were randomly allocated to control or restricted diets. Ewes 
bearing single Iambs from both control and restricted diets were designated for slaughter 
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immediately post restriction, tor slaugliter at d 144 of pregnancy or tor lambing. Ewes 
bearing multiple lambs were all allowed to lamb. Following the end of the restriction period, 
all ewes were placed on pasture containing at least 1000 kg green DM/ha until lamb weaning. 
There was a response to restriction but not to timing of restriction. Feed restriction reduced 
fetal growth rate, girth size, crown rump length (straight-line measurement from the most 
rostral point of the head to the base of tail; CRL) and weight of fetal tissues. Though 
reduced, girth size and CRL maintained their normal relation with fetal weight. Growth rate 
of fetuses on all treatments was similar during re-feeding. Birth weights of single and twin 
lambs from restricted fed ewes was similar to that of controls and appeared to be unaffected 
by restriction. It was concluded that ewes responded to feed restriction when followed by 
improved forage availability, with changes in maternal and fetal growth patterns that might 
interact to produce viable lambs. 
During the last trimester of pregnancy, single and twin bearing Merino ewes were fed 
one of three feeding treatments to examine the effects of two high N supplements on intake, 
and ewe and lamb productivity. The ewes were fed chopped oat hay ad libitum (20% excess) 
and supplemented with cottonseed meal (CSM) at a rate of 300 g/d in treatment 1 (Tl). In 
treatment 2 (T2) ewes were fed oat hay ad libitum and supplemented with 900 g/d whole 
barley grain plus 9 g/d urea N and .9 g/d soditmi sulfate. In treatment 3 (T3) ewes were fed 
CSM at a rate of 900 g/d and oat hay restricted to the level consumed by ewes in T2. The Tl 
ewes consumed 47% more hay and about 13% more digestible organic matter than T2 ewes. 
The treatment 1 ewes had higher live weights and condition scores at parturition than T2 or 
T3 ewes, and birth weight of single lambs was higher {P < .05). The lower birth weight of 
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single Iambs from ewes given treatments T2 and T3 appeared to be due principally to a lower 
roughage intake by these ewes during late pregnancy (Dixon et al., 1992). 
Everts et al. (1985) compared several feeding treatments during the last part of 
pregnancy for their effects on total litter birth weight (LB W). The feeding treatments during 
pregnancy differed in energy level, protein supply and degradability of protein. The overall 
mean litter size was 3.28. Lamb mortality in the first 7 d was 13% and lamb mortality before 
or during parturition (LMP) was about 10%. Litter birth weight was significantly influenced 
by litter size, year of the experiment and feeding treatment. The effect of energy intake on 
LBW was small (+ 110 kJME/kg°"^^ resulted in an increase of .27 ± .14 kg). The positive 
effect on LBW in one of the treatments was mainly explained by the high digestible protein 
intake or by the low degradability of the protein used. The LMP was significantly influenced 
by ewe plasma glucose level at d 141 (higher glucose level gave higher LMP) and by the 
type of delivery (abnormal delivery increased LMP) and by the year of experiment. Feeding 
treatment, litter size or LBW" had no significant effect on LMP. 
Sepulveda et al. (1994) used 50 pregnant Romney ewes to study the effect of pre- and 
post-partirai feed supplementation on lamb production. The ewes were maintained on 
pasture without supplementation (controls) or were supplemented with 500 g silage (with 
9.7% crude protein and 2.3 Mcal/kg) daily, 50 d before and 50 d after lambing. The 
daughters of supplemented dams had a significantly higher birth weight and body weight at 
30, 60 and 90 d of age (4.2, 14.6,24.4 and 31.4 kg, respectively) than those of non-
supplemented controls (3.9, 11.9, 20.6 and 27.6 kg). In a second trial, six flocks of CrioUo 
ewes were maintained on poor-quality indigenous pasture, and half the ewes were 
supplemented with urea-molasses-mineral salt blocks for 50 d before and 50 d after lambing. 
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The Iambs from supplemented ewes had a significantly higher body weight at 100 and 150 d 
of age than those from non-supplemented ewes (21.82 vs 17.19 and 32.2 vs 27,5 kg, 
respectively). 
In a metabolism experiment, 18 ewes were given 800 g of chopped Rhodes grass 
(Chloris gayana, 1.1% N) with or without 150 g of cottonseed meal plus 50 g of molasses 
daily from 4 wk before parturition until parturition. Daily supplementation of cottonseed 
meal and molasses significantly (P < .01) increased intake of digestible DM (37%) and crude 
protein (121%). Dry matter digestibility values for control and supplemented diets were 53.9 
and 59.6%, respectively. The supplemented ewes had greater live weight gain (173 vs 39 
g/d), plasma glucose (2.9 vs 2.5 mmoI/L), glucose entry rate (20.6 vs 12.3 mmol/h), udder 
circumference (448 vs 443 mm), and milk yields measured at d 2 post-partum, (1748 vs 627 
ml/d), and had heavier Iambs at birth (3.9 vs 2.9 kg). The data supported the conclusion that 
protein supplements provided a production response in pregnant ewes that was sufficient to 
improve lamb survival rates when the nutrition from grass diets was inadequate (Stephenson 
and Bird, 1992). 
Environment and season 
Alexander (1974) experimentally imposed heat stress in ewes during both mid- and 
late pregnancy by housing them in a hot room at 45°C and 50% relative humidity and 
observed that lamb birth weight was reduced to 1.79 kg compared to normal housed ewes 
(3.62 kg). London and Weniger (1995) reported higher lamb birth weight in a semi-humid 
zone than humid zone (1.89 vs 1.71 kg). 
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Data were collected on lambs, from crossbred Rambouillet, Dorset and Finnsheep 
ewes mated with purebred and crossbred Hampshire and Suffolk rams, bom during the 
summer (June-July), autumn (Oct-Nov.) and winter (Jan.-Mar.), respectively. The lambs of 
the same genotype bom during the different seasons varied in birth weight (P < .01) and 70-d 
weight {P = .07). The winter bom Iambs were 2.93 and 3.79 kg heavier (P = .1), 
respectively, at 70 d of age than the autumn and summer bom Iambs. An interaction between 
sex and season was observed for average daily gain. There was a smaller average difference 
(40 g/d) between ram and ewe Iambs bom in the summer than between ram and ewe lambs 
bom in the autumn and winter (90 g/d). The restxlts suggested that differences in birth weight 
and 70-d weight existed between lambs bom La different seasons under conditions where 
Iambs were creep fed the same diet and ewes were well fed (Stritzke and Whiteman, 1982). 
Burfening and Carpio(I993) evaluated lambing in sheep maintained at an elevation of 
3700 to 5200 m in the highlands of Pera on native pastures during October to November, just 
prior to the start of the wet season. Lambs bom later in the lambing season had heavier birth 
weights (BW), decreased survival at weaning, and lighter body and fleece weights at first and 
second shearing at approximately 8 and 16 mo of age. Increased body weight of the dam 
resulted in increased BW, survival, body weight and fleece weight of lambs. Increasing BW 
of lambs resulted in increased sxirvival, body weight and fleece weight of Iambs. 
Brown and Jackson (1995) compared seasons of breeding in purebred St. Croix ewes 
at a latitude of 35° 6 N' under an accelerated lambing system. They found that lambing 
percentage was lowest for spring breeding and resulted in lower litter birth and weaning 
weight per ewe exposed. The lamb birth weight was the highest for winter breeding followed 
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by early summer breeding (2.8 vs 2.7 kg, respectively) and was least for late simuner and the 
spring breeding seasons (2.5 kg). 
Early postnatal growth and development 
Rate of growth and relative development of tissues can be modified by composition 
of diet, breed, sex of animal and environmental conditions such as disease or extremes in 
ambient temperature (Black, 1983). Many of the factors affecting prenatal growth are also 
responsible for postnatal growth in lambs. 
Litter size 
Single bom iambs grew faster than twin bom lambs from birth to 90 d of age 
(Hunnicutt et al., 1993; Demiroren et al., 1995; Haciislamoglu and Evrim, 1995; London and 
Weniger, 1995). Peeters et al. (1996) reported lower growth rate up to 10 kg body weight in 
lambs from multiple births than single bom lambs. 
Sex 
Males grew faster than female lambs up to weaning weight (Haciislamoglu and 
Evrim, 1995; Boggess et al., 1991). London and Weniger (1995) reported 6.4% higher 
growth rate up to weaning (69 to 105 d) in males than females. Butler-Hogg et al. (1984) 
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found that ram latnbs grew 28 g per day faster than ewe Iambs, taking an average of two 
weeks less to achieve 35 kg live weight. 
Fahmy (1989) studied the performance of 14 Romanov ewes imported from France, 
and of their 100 Canadian-bom progeny over a period of 5 yr. Least-squares means for 
fertility were 100% for ewes mated in the autumn and winter and 42% for those mated in the 
summer. Age and weight of ewes at first lambing were 372 d and 46 kg, respectively. 
Corresponding figures for the second lambing were 656 d and 56,5 kg, and for the third 
lambing 902 d and 59.8 kg. Average interval between lambings was 276 d. Average birth 
weight of lambs bom alive was 2.9 kg. Body weight at 70, 180 and 365 d of age averaged 
17.8,34.5 and 47.6 kg, respectively for females and 20.0,41.1 and 59.2 kg for males. Pre-
weaning average daily gain was 217 g for females and 245 g for males. 
Lamb genotype and breed 
"Leymaster (1991) developed flocks involving purebred Suffolk ewes and crossbred 
ewes (Columbia ram to Hampshire x Suffolk ewes) for a terminal sire study. He found that 
average weaning weight of lambs bom to young crossbred ewes was greater than that of 
lambs bom to young purebred Suffolk. 
An experiment using the Suffolk breed as a standard of comparison was designed to 
evaluate the Columbia breed as a potential terminal sire breed by Leymaster and Smith 
(1981). Lambs were bom in 1978 to Finnish Landrace crossbred ewes mated with either 
Columbia or Suffolk rams. Breed of sire did not significantly affect ewe prolificacy, litter 
viability, number of Iambs weaned per ewe lambing, or litter weaning weight at 49 d of age. 
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Litters sired by Columbia rams were lighter in weight (P < .10) at birth than Suffolk sired 
litters. Suffolk sired iambs had higher {P < .05) birth weights, pre-weaning daily gains and 
weaning weights than Iambs sired by Columbia rams. Nugent and Jenkins (1991) also found 
higher pre-weaning average daily gains and weaning weight in lambs sired by Suffolk rams 
than Iambs sired by Columbia rams. 
Merrell et al. (1990) compared three terminal sire breeds consisting of Suffolk, Texel 
and Charollais for crossbred lamb production. Growth rate from birth to weaning averaged 
281,269 and 272 g/d, respectively, for lambs sired by Suffolk, Texel or Charollais rams. 
There was no significant difference in daily live weight gain between Texel or Suffolk sired 
lambs from birth to weaning (119 d), although Suffolk sired lambs tended to have higher 
growth rate than Texel and Charollais, during the period. Simm (1987) also reported lower 
growth rate m Texel lambs than Suffolk lambs. 
Leymaster and Jenkins (1993) studied the performance of lambs bom to mature ewes 
of 50% Finnsheep, 25% RambuiUet and 25% Dorset genotype, which were sired by Texel or 
Suffolk rams. The lambs sired by Texel rams had similar birth, weight and weaning weight 
as the lambs sired by Suffolk rams (3.52 and 14.9 vs 3.53 and 15.3 kg, respectively). 
However, Texel progeny had 9% greater sxirvival to weaning as compared to Suffolk 
progeny. 
Latif and Owen (1980) found no differences in weights at weaning, growth rate and 
feed conversion rate between Texel and Suffolk lambs managed in an intensive feeding 
system. However, Flanagan and Hanrahan (1992) reported higher growth rate from birth to 
five weeks of age in lambs sired by Texel rams as compared to Iambs sired by Suffijlk rams 
(277 vs 26 Ig). 
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Post-weaning growth 
Post-weaning growth rate of Iambs is a trait of economic importance because it 
determines the age at which Iambs reach their slaughter weight. Many factors contributing to 
post-weaning growth rate have been studied by researchers. 
Sex and litter size 
Sex had significant impact on body weight from 100 to 180 d (Singh et al., 1984; 
Schoeman and Burger, 1992). Fahmy (1989) found higher body weights of lambs at 180 and 
365 d of age for males than females (41.1 and 52.2 vs 34.5 and 47.6 kg, respectively). 
London and Weniger (1995) found diminishing effects of litter size on growth at 210 d of age 
in lambs. Differences in body weight due to sex also became relatively less important at this 
older age. Neither sex nor type of birth had significant effects on 120-d weight in lambs 
(OUeta-Cataner et al., 1992). 
Olthoff and Boylan (1991) found that the weight advantage of single bom over 
multiple bom lambs was proportionally higher at birth, lower at weaning and did not differ 
significandy thereafter. The Iambs reared by their dams generally grew faster than nursery 
reared Iambs, with singles slightly superior to twins. 
One hundred and eighty ram, wether and ewe Iambs sired by Texel or Suffolk rams 
were weaned at 20 wk of age and finished on grass up to slaughter weights of40,44 and 48 
kg. Sex type, but not sire breed affected Iamb growth rate. The daily growth rate was 293, 
253 and 224 g for ram, wether and ewe lambs, respectively (Wylie et al., 1997). 
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Environment and season 
Live weigiit gain was significantly greater under 16 h compared to 8 h day light but 
carcass weight was not significantly increased because most of the live weight difference was 
due to gut fill (Forbs et al., 1981). 
Jenkins (1986) compared annual and accelerated lambing systems. Within die annual 
lambing system, lambs bom in March-April were heavier at weaning, consumed less feed, 
and required less weight gain to attain market weight than lambs bom in May. Lambs from 
the May lambing had significantly poorer gross feed efficiency ratios. Within the accelerated 
lambing system, lambs bora in January-February tended to be heavier at weaning than lambs 
from the other lambing periods. Observed differences among month of lambing within 
lambing system for other characters were not consistent. 
Diet and feeding systems 
Parthasarathy et al. (1984) fed 90 d old Sirohi x Beetal crossbred male kids up to 9 
mo of age a control diet (grazing only) or were grazed and supplemented with concentrate, 
green fodder and hay according to appetite, or were fed in drylot in stalls the concentrate, 
green fodder and hay diet. Average daily gains for kids 3 to 6 and 6 to 9 mo of age were 37 
and 63; 87 and 139; 73 and 120 g for the respective diets. Dressing percentages for the three 
treatments were 47.4,52.1 and 53.1. The daily DM intakes from the concentrate, green 
fodder and hay were 756 and 1038 g for the second and third treatments, respectively. 
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Peris et al. (1992) observed significantly higher daily gains from weaning to 16 kg 
body weight in lambs suckled as single or twin bom Iambs than that of artificially reared 
lambs, 
Beauchemin et al. (1995) studied the effects of barley and rapeseed meal based diets 
containing 15 and 18% CP, respectively, high or moderate DE concentration and 0,3.5 or 
8% fish meal on growth performance of weaned lambs of various breeds (average live weight 
of 16.2 kg). Rapeseed meal contained 42.3% CP with a nunen degradability of 48.1%, while 
fish meal contained 76.2% CP with a degradability of 15.2%. Lambs fed on the diet with a 
moderate DE content had a lower growth rate, feed conversion efficiency, dressing 
percentage and internal and subcutaneous fat deposition than lambs fed on high-energy diets. 
The levels of CP and protein degradability had little effect on growth and carcass 
characteristics. Dietary regime had limited potential to alter carcass leanness of feedlot 
lambs except by feeding for reduced growth rate, which in tum may increase production 
costs. Genetic selection and use of low-input production systems may be more promising 
methods of improving carcass learmess. 
Suiter and McDonald (1987) compared the growth of Australian Merino wether 
weaners fed freely on two types of oat grain or an oat-lupin mix under three management 
systems: while grazing pasture (GP); in an outdoor feedlot (OF); in an indoor feedlot (IF). 
Significant interactions between management system and diet persisted until d 132 of 
feeding, with weaners on all diets performing better with GP than with OF and EF treatments 
during early stages of the experiment. The superiority of the GP treatments was mainly 
associated with very low rates of growth or live weight loss of the sheep in OF and IF 
treatments in the first 34 d of feeding (180 to 201 g/sheep daily compared with -51 to 47 and 
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-39 to 127 g/sheep daily, respectively). The effect of diet remained significant (P < .01) 
throughout the experiment. Over the entire experiment, the live weights acEueved and feed 
consumption of the weaners in the feedlots were similar to those for weaners feeding from a 
self-feeder while grazing pasture. In the longer term, choice of a management system 
(paddock or feedlot) may not be important to weaner growth, as early setbacks experienced 
due to adaptation to the intensive feedlot environment are later compensated for by faster 
growth. 
Lamb genotype and breed 
Performance records for 154 (±3) d old progeny of matings of Oxford, Texel, Texel x 
Oxford, Charollais, Charmoise and Meatlinc rams with crossbred ewes were analyzed by 
Cameron and Drury (1985). Progeny of Oxford rams were the heaviest at slaughter (42.4 
kg), followed by those of Texel x Oxford, Charollais, Meatlinc, Texel and Charmoise rams 
[42.0,41.3,41.0,40.2 and 38.0 kg; Charmoise vs other breeds, {P < .05)]. Lambs sired by 
rams of low mature weight reached a fixed weight at a later age than those sired by rams of 
high mature weight. The former also reached a similar degree of fat cover at an earlier age 
and at a lighter weight than the latter. The carcass traits indicated that crossbred lambs sired 
by Texel rams had a higher lean proportion and lower fat proportion than would be expected 
from their growth and mature weight-
Suffolk sired Iambs tended to be heavier, fatter and had higher carcass quality and leg 
conformation scores than Columbia sired lambs. Both sire breeds did not differ for weaning 
age and weight. However, the slaughter weights were 49.5 and 47.0 kg (P < .01) for Suffolk 
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and Columbia sired lambs, respectively. Differences due to Finnish Landrace inheritance (50 
vs 25%) of dams were not noted (Jenkins, 1986). However, Leymaster and Smith (1981) 
reported that lambs sired by Suffolk or Columbia rams did not differ in post-weaning daily 
gain and 154 d weight, but favored progeny of Suffolk rams by 4 and 2%, respectively. 
Lambs sired by Suffolk rams grew faster than lambs sired by Texel rams (Wolf et al., 
1980). Leymaster and Jenkins (1993) found that lambs sired by Texel rams grew 11% less as 
compared to Suffolk sired lambs from 63 to 189 d of age. Merrell et al. (1990) found 
significantly (P < .05) higher daily live weight gain from weaning to slaughter age in Suffolk 
sired lambs as compared to Texel sired lambs (131 vs 104 g). The lambs were weaned at 119 
d of age. However, there were no significant differences between breeds in daily live weight 
gains from birth to slaughter, although Suffolk sired lambs tended to have higher growth rate 
than Texel sired lambs during this period. 
Mortality in lambs 
Birth weight and litter size 
Elving et al. (1986) analyzed the data on 100 lambs that died within 24 h of birth and 
45 lambs that died 2 to 5 d after birth out of 1501 lambs bom during 10 spring lambing 
seasons. Texels and Milksheep and their crossbred offspring were involved in the study. 
The significant factors affecting the perinatal death in order of decreasing importance were as 
follow: Difficult parturition, birth weight, presentation of lamb at birth, and the genotype of 
lambs. Birth weight was the only significant factor affecting the percentage of lambs that 
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died 2 to 5 d after parturition. Sex of Iambs, litter size, parity, birth sequence in litters of 
more than one Iamb, aiid the time between presentation at vulva and deliver>- did not 
significantly affect mortality rate. 
Type of birth affects survival of lambs. As the litter size increased, lamb survival to 
weaning decreased significandy (Kallweit et al., 1986; Demiroren et al., 1995; Fogarty and 
Hall, 1995; Morris et al., 1996). The survival rate averaged 87,69,47 and 35%, respectively, 
for single, twin, triplet and quadruplet crossbred lambs bom to Javanese ewes (Inounu et al., 
1993). 
Owens et al. (1985) found that lamb birth weight was the major component affecting 
lamb survival in prolific Booroola Merino sheep. Regardless of litter size, heavier lambs 
were quicker to stand and suck resulting in a greater chance of survival and an increase of I 
kg in birth weight resulted in a 28% increase in survival. Survival of lambs was significandy 
affected by their behavior after adjustment for birth weight. With an increase of 1 min in the 
intervals from delivery to when the lamb first attempts to stand, stands or attempts to find the 
udder, its chances of survival decreased by about 1%. 
Data were collected on 2331 lambs bom in late winter to early spring during the years 
1981 to 1985, to identify and characterize causes of lamb pre-weaning mortality and to 
determine the associations of these causes with lamb birth weight, litter size, sex and three 
breeding groups. Lambs were from six breeds (Dorset, Finnsheep, Lincoln, Rambouillet, 
Suffolk and Targhee), several types of F1 crossbreds, and three synthetic lines developed 
from crossbred foundations. The data were classified according to breeding group (purebred, 
crossbred or synthetic), litter size (single, twin or triplet and greater), sex (male or female), 
birth weight (light, meditim, or heavy) and causes of death. The major causes of death, in 
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descending order, were starvation, pneumonia, trauma (injuries and accidents) and 
gastrointestinal problems. Cause of death was not greatly influenced by litter size or sex of 
the lamb. However, birth weight of the lamb (irrespective of litter size) and breeding group 
had highly significant influences on causes of death. Lambs weighing less than 3 kg had 
high risk of dying from starvation and/or trauma. Purebred lambs had a greater risk of dying 
from trauma than crossbred Iambs or Iambs from the synthetic lines. Crossbred lambs were 
superior for viability and had less risk (Yapi et al., 1990). 
Nawaz and Meyer (1992) observed an average 94% survival rate in single Iambs bom 
to Suffolk X Coopworth or Polypay. Survival rate of twins averaged 85%, ranging from 79% 
for Iambs from Suffolk x Coopworth ewes, to 89% for lambs bom to Polypay ewes. 
Sex 
Gama et al. (1991) found 1 to 5% higher mortality in males than in females. London 
and Weniger (1996) estimated mortality in weaned (> 105 d) to adult sheep (> 365 d) over a 
two year smdy period. Their study also showed higher mortality in males as compared to 
females; 17.3 vs 16.0% in the humid zone and 30.4 vs 17.2% in the sub-humid zone, 
respectively. 
However, Gaili et al. (1992) did not find any difference between males and females 
for pre-weaning mortality in the Saudi indigenous sheep. 
Age and weight of Iambs 
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London and Weniger (1996) reported the incidence of mortality from birth to 
weaning. This included mortality rate in the neonatal period (1 to 14 d), during pre-weaning 
(14 to 60 d) and at weaning (65 to 105 d). The birth weight group above 1.5 kg showed no 
incidence of twin losses in the neonatal period. During the pre-weaning period the parit>' 
number of the dam was related to mortality rate, particularly under the fiee ranging systems, 
with higher losses within the first parity group bom lambs. The situation under the semi-
tethered system was, however, different with lambs from seventh parity dams suffering the 
greatest pre-weaning losses. During one study by Fahmy (1989), an overall 18.2% lambs per 
litter died at birth and an additional 8.7% died before weaning in Romanov sheep in Canada. 
Lamb genotype and breed 
Texel sired lambs exhibited greater survival to weaning compared to Suffolk progeny 
(Leymaster and Jenkins, 1993). Leymaster (1991) compared purebred Suffolk with 
crossbred (Columbia rams to Hampshire x Suffolk ewes and inter se matings in the next 
generation) in a terminal sire study. Mature crossbreds produced more wool than Suffolk. 
The greater proLLficacy rate of mature Suffolk ewes compared with crossbreds was offset by 
lower survival to weaning particularly for twins. Consequently, breed type did not differ for 
number weaned and litter weaning weight per ewe. In another study by Nugent and Jenkins 
(1991) Suffolk rams yielded an average of 1.6 kg more weight in weaned Iambs per exposiure 
over Columbia rams due to 3% higher lamb survival to weaning and heavier weaning weight. 
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Lamb sim.'ival to weaning was similar for Romanov x Targhee (RT) and Finnish 
Landrace x Targhee (FT) crosses, with or without adjustment for number of Iambs bom.. 
However, overall survival (the proportion of ova that resulted to weaned Iambs) was greater 
for RT ewes (77.6%) than FT ewes (67.5%) at the same ovulation rate (Gallivan et al., 1993). 
Age and parity of dam 
London and Weniger (1996) recorded more losses for lambs bom to first parity ewes 
and Iambs bom to seven and more parity ewes. Kallweit et al. (1986) reported that stillbirths 
increased from first to third parity in a flock comprising German Blackface, Texel, Finnish 
Landrace and crosses among these breeds. 
Environment 
Fogarty and Hall (1995) studied the effect of envirormiental conditions on the 
survival of Iambs sired by Booroola Merino (BM) or Trangie Fertility Merino (TFM) rams. 
Chill (an index of envirormiental condition; 900 and I200KJ/m~. h) at lambmg affected 
survival of lambs. At a moderate level of chill (900 KJ/m~. h), there were litde differences in 
the survival of single and twin lambs of either breed when birth weight was 4-5 kg, but the 
survival declined more rapidly for Iambs sired by BM that had a lower birth weight. Under 
severe conditions, lamb survival was depressed more for BM sired lambs than TFM sired 
lambs. It was also noted that BM sired ewes had lower greasy fleece weight (3.76 vs 3.86 
kg) than TFM sired ewes. 
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Season of birth 
Peris et al. (1992) estimated mortality in lambs from birth until lambs attained 24 kg 
of body weight. Lambs bom in summer had higher mortality (10.8%) than those bom in 
winter or spring (8.5 and 8%, respectively). The mortality was found also to be higher in 
artificially reared Iambs than in suckled lambs (8.7 vs 5.7%, respectively). 
During the October-November lambing season, the Iambs bom later in the season had 
decreased survival rates in Junin sheep maintained on natural pasture in Pern at an elevation 
of 3700 to 5200 m (Burfening and Carpio, 1993). 
Carcass quality 
The most variable component of an animal body is fat and the composition of the fat 
free mass is relatively constant. The fat content of sheep ranged from I to 60% in 
heterogeneous groups of individuals with respect to weight, breed, age and sex (Reid et al., 
1968). 
Slaughter age and weight, and frame size 
As carcasses became heavier, they contained more ether extract and less moisture and 
protein in both male and female Iambs (Kemp et al., 1976). Chant (1977) studied five 
different slaughter weights (17,32,43,54 and 66 kg) for meat quality in lambs. The meat 
from the Iambs slaughtered at 54 kg was superior (P < .05) in tenderness and Juiciness to 
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meat fromi rams slaughtered at 43 or 66 kg, whereas, ewe meat was similar for palatability in 
these weight groups. 
Nichols et al. (1993) compared 7-8 month old Texas Rambouillet wethers of three 
different (small, medium and large) frame sizes for feedlot performance and carcass 
characteristics. The average starting weights of the lambs in these frame sizes were 28.6, 
32.7 and 35.9 kg, respectively. Lambs were raised on wheat pasture for 105 d 
(backgrounding) with weights recorded at 35-d intervals, then serially slaughtered 
(approximately 1 per frame group) at 14-d intervals during a 56-d feedlot finishing phase. 
About 24-h post-mortem, USD A quality and yield grades were obtained. Following wheat 
pasture backgrounding, all groups achieved 90% Choice quality grade during the first 28 d in 
feedlot. At constant slaughter weight (47.7 kg), small-framed lambs had higher (P < .05) 
dressing percentages (51.6 vs 48.7 and 47.9%, respectively), and heavier {P < .05) hot 
carcass weights (24.6 vs 23.3 and 22.8 kg) than medium or large framed groups. The small-
framed lambs were significantly fatter (4.6 mm) than medium (2.8 mm) or large-firamed (2.3 
mm) lambs at 47.7 kg. All three groups differed significantly (_P < .05) in percent kidney and 
pelvic fat, quality grade and yield grade. The small, medium and large framed lambs reached 
constant fat thickness (3.8 mm) at slaughter weights of 46.0, 51.0 and 54.7 kg and hot carcass 
weights of23.0,26.1 and 27.8 kg, respectively. 
Wylie et al. (1997) found that slaughter weight significantly affected killing out 
proportion (g/kg) and all fat measurements, but did not significantly affect eye muscle 
(longissimus dorsi) in both Texel and Suffolk sired lambs. The slaughter weights for these 
lambs were 40,44 and 48 kg. 
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Sex 
Ewes carcasses were generally fatter and contained less moisture than wether 
carcasses when slaughtered in groups at predetermined weights of36,45 or 54 kg (Kemp et 
ai., 1976). Carcasses of rams were leaner than those of wethers, which were leaner than 
those of ewes (Fogarty et al., 1992). Eye muscle (longissimus dorsi) area was more in males 
than in females when slaughtered at 29.3 and 21.3 kg, respectively (Bhatia et al., 1981). 
Gaili (1978) found more intermuscular fat in female carcasses than male carcasses at equal 
slaughter weight of 42 kg. Chant (1977) found that ram carcasses were trimmer and higher 
yielding than ewe carcasses but the latter exhibited firmer fat, finer textured and brighter 
colored lean, more youth (as judged by lean and bone maturity) and slightly higher quality 
when slaughtered at live weights of32,43, 54 and 66 kg. However, for lambs slaughtered at 
17 kg, sex differences in carcass characters were small. Grouse et al. (1981) reported that the 
differences in fat softness between ram and wether carcasses became more apparent with 
increasing age and weight. Ram lambs carcasses had softer fat than those from wether 
Iambs. 
Wylie et ai. (1997) reported that both Texel and Suffolk ewe lambs were fatter at 
slaughter in aU fat depots compared to ram and wether siblings, such that rams could be 
slaughter at a calculated 7.7 kg greater live weight than ewes at equal carcass fat cover. 
Carcass composition, carcass quality and eating quality of the longissimus dorsi 
muscle for carcass weights ranging from 12 to 23 kg, were compared in 15 ram and 15 ewe 
Iambs of the Dorset Down breed, by Butler-Hogg et al. (1984). At the mean carcass weight 
of 16.8 kg, the ram Iamb carcasses contained more lean (42 g/kg carcass weight) and bone 
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(19 g/kg) and less fat (subcutaneous, 33 g/kg; intermuscular, 28 g/kg; perirenal-
retroperitoneal, 14 g/kg) than the ewe lamb carcasses; all differences were highly significant. 
At the same level of fat cover in the commercially prepared carcass side, ewe lamb carcasses 
required more trimming of subcutaneous fat than ram iamb carcasses. There was more 
intermuscular fat in the ewe Iamb dian in the ram Iamb carcasses; consequently their saleable 
meat contained 51 g/kg more fat and 37 g/kg less lean than that firom ram Iambs. 
At the same carcass muscle weight (after separating bone and fat), Jones et al. (1983) 
found that ram lamb carcasses had a greater weight of muscle in die shoulder and less muscle 
in the leg than ewe lamb carcasses (1.15 and 1.73 vs 1.10 and 1.77 kg, respectively; P <.0 1). 
Wether and female lambs sired by Texel, Suffolk and Charollais rams were evaluated 
for carcass quality by Ellis et al. (1997). All lambs were slaughtered at the same estimated 
subcutaneous fat level on four occasions within each year over a 3-yr period. A loin joint 
from the loin of the right side of the carcass immediately anterior to the last rib from lambs 
slaughtered during the second and third years of the study was used to evaluate eating 
quality. Female lambs were lighter (40.4 vs 42.2 kg) and had proportionately more 
intermusculer fat than wethers (122 vs 118 g/kg), but sex differences for other tissue 
proportions were small. There were no effects of breed or sex on eating quality. Latif and 
Owen (1979) did not find any sex differences in dressing percentages of lamb carcasses sired 
by Texel or Suffolk rams and reared under grazing conditions. 
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Weaning age 
Fogarty et al. (1992) studied the effect of weaning age ranging from 6 to 13 wk on 
growth and carcass traits. They found weaning age had no effect on any carcass traits. 
Growth rate 
Chestnutt (1994) studied the effect of growth rate on carcass fat levels. The lambs 
were subjected to two different growth rates (high and low) for seven weeks conimencing at 
six weeks of age. The growth rate was controlled either by weaning lambs at six weeks and 
feeding them indoors on different levels of concentrates (Exp. 1) or by grazing at different 
sward heights up to weaning at 13 wk and where necessary housed and offered concentrate 
and silage (Exp. 2). Increasing the growth rate between 6 to 13 wk from 213 to 320 g/d in 
Exp. 1 and 191 to 291 g/d in Exp. 2 did not significantly affect the fat depth measure at 
various locations ihroughout the carcass. However, increasing the growth rate between 13 
wk and slaughter from 136 to 338 g/d in Exp. 1 and from 99 to 146 g/d in Exp. 2 
significantly increased the depth of carcass fat and fat grade. 
Litter size 
Donald et al. (1970) evaluated litter size of lambs for carcass traits. Twin and triplet 
Iambs were 1.4 and 2.1 kg smaller than single Iambs when killed, respectively, and they 
required 37 and 58 d longer than singles to reach slaughter weight. 
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Lamb genotype and breed 
Suffolk lambs were heavier, fatter and had higher carcass quality and leg 
confomiation scores than Columbia sired lambs (Grouse et al., 1983; Jenkins, 1986). 
Snowder et al. (1994) compared Rambouillet, Targhee, Columbia and Polypay wether 
lambs to estimate the optimal slaughter weight for lean lamb production. An acceptable lean 
lamb carcass was defined as having 2.5 to 6.5 mm of backfat and 26 to 40% chemical fat. At 
each weight Columbia lambs were less mature than the other breeds, having lower kidney 
plus pelvic fat and a lower rack fat. Targhee, Rambouillet and Polypay wethers were similar 
in carcass fat and protein composition at a given slaughter weight. The optimal slaughter 
weights for certified lean lamb carcasses of Targhee, Rambouillet and Polypay wethers were 
45 to 47 kg, resulting in a Choice quality grade and a yield grade of 2.7. The optimal 
slaughter weight for Columbia wethers was 45 to 55 kg, producing a Choice quality grade 
and a yield grade of 2.4. Breed differences in maturity were reflected in carcass 
characteristics. 
Leymaster and Smith, (1981) conducted an experiment using the Suffolk breed as a 
standard of comparison to evaluate the Columbia breed as a potential terminal sire breed. 
Columbia sired lambs had lower leg conformation scores (P < .01), less fat depth (F < .05) 
and a lower percentage of kidney fat (P < .10) than lambs sired by Suffolk rams when 
slaughtered on the same day. Progeny of Columbia rams tended to have a greater estimated 
percentage of trimmed retail cuts (P < .10) and a lower carcass weight per day of age (P < 
.10) than Suffolk sired lambs, while production of retail cuts per day of age was similar for 
the two breed groups. Lambs sired by Suffolk rams had higher carcass conformation scores 
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(P < .10), maturity scores {P < .05) and flank firmness scores (P < .10) than progeny of 
Columbia rams. Sire-breed effects on carcass quality grade were not significant. It was 
concluded that Columbia rams produced progeny similar in lean growth rate and carcass 
quality to progeny sired by Suffolk rams. 
Cameron and Drury (1985) compared 154 (db3) d old progeny of Oxford, Texel, Texel 
X Oxford, CharoUais, Charmoise and Meatlinc rams in a terminal sire breed study for growth 
and carcass traits. Progeny of Oxford rams were the heaviest at slaughter (42.4 kg), followed 
by those of Texel x Oxford, CharoUais, Meatlinc, Texel and Charmoise rams (42.0,41.3, 
41.0,40.2 and 38.0 kg, respectively; Charmoise vs other breeds, (P < .05). Lambs sired by 
rams of low mature weight reached a fixed weight at a later age than those sired by rams of 
high mature weight. The former also reached a simUar degree of fat cover at an earUer age 
and at a Ughter weight than the latter. The carcass traits indicated that crossbred lambs sired 
by Texel had a higher lean proportion and lower fat proportion than would be expected firom 
their growth and mature weight. 
Webster et al. (1990) compared progeny of England Mule ewes mated to Suffolk. 
Texel or CharoUais rams. The carcass weight of lambs sired by Suffolk, Texel or CharoUais 
rams averaged 17.9,18.0 and 18.1 kg, respectively. For progeny sired by rams of the three 
breeds, dressing proportion was 442,452 and 447 g/kg body weight, weight of lean per half-
carcass was 4.76,4.93 and 4.78 kg, and weight of fat per half-carcass was 2.09, 1.93 and 2.14 
kg, respectively. At the same fat class of 9.77 (fat class I to 15, where I = very lean) there 
were no significant differences among Suffolk, Texel and CharoUais crossbred lambs in any 
carcass character reported. 
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Suffolk and Texel sired Iambs, bom in January, were studied until sold for slaughter. 
From early March, ewes and lambs were pastured and the Iambs given creep feed until 
slaughter, or the lambs were weaned and finished on fodder beet and concentrates. For the 
two breed types, birth weights averaged 4,2 and 4.4 kg {P < .05), daily gains from 5 wk until 
sale 261 and 277 g (P < .01), age at slaughter 125.6 and 131.6 d (P < .01), carcass fat scores 
3.5 and 3.44, (fat score 1 to 5, where 1 = very lean) and conformation scores 3.28 and 3.34, 
(conformation score 1 to 4, where 1= very poor) respectively. Texel crosses scored 
marginally better in temas of famess and conformation (Flanagan and Hanrahan, 1992). 
Estimated accretion rates of carcass fat at 189 d of age were 96.1 and 78.5 g/d for 
Suffolk and Texel progeny (Leymaster and Jenkins, 1993). Corresponding values for protein 
were 17.4 and 16.0 g/d. At a fixed age, area of the longissimus muscle did not differ between 
sire breeds. Texel progeny weighed less at 189 d of age, producing lighter, leaner carcasses 
of shorter length. Compositional differences were not detected when sire breeds were 
compared at 25 kg of carcass weight. However, Texel progeny had significantly greater 
depth of fat at the twelfth rib and weight of kidney-pelvic fat. Data indicated that Texel-sired 
lambs deposited proportionally more subcutaneous and less intermuscular fat than did lambs 
by Suffolk sires. Wylie et al. (1997) found that Texel carcasses had significantiy greater eye 
muscle (longissm.us dorsi) areas between the sixth and seventh ribs (793 vs 732 mm") than 
Suffolk carcasses. 
Lambs produced by Columbia, Dorset and Suffolk rams mated to Coopworth, 
Polypay, Coopworth xPolypay (CP), Hampshire, Hampshire x Coopworth (HC), Hampshire 
X Polypay and Hampshire x CP ewes were evaluated. Dam breed type was designated as 
Whiteface or Blackface on the basis of absence or presence, respectively, of Hampshire 
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inheritance of the dam. Lambs were slaughtered at an average carcass weight of 29 kg. 
Suffolk sired lambs had the largest ribeye area (P < .05) and the highest leg score {P < .001), 
while Dorset sired lambs had the lowest values for these traits. Suffolk: sired lambs had the 
lowest values for body wall thickness, linear fat measurements, weight of kidney fat and 
USDA yield grade scores. Lambs from Blackface ewes had lower values than whiteface 
dams for all fatness measures. The breed effects on carcass fatness were reflected in 
significant differences in weight of trimmed cuts (Meyer et al., 1994). 
Index score of sire 
Lewis et al. (1996) reared Suffolk rams indoors and fed them ad libitum on a 
complete pelleted diet, which was high in energy. At 150 d of age the rams were index 
scored according to body weight and ultrasonic measuremeats of fat and muscle. In each 
year, 22 rams with extreme index score (11 high and 11 low) for lean growths were mated 
with approximately 400 crossbred ewes. The lambs were finished on grass and slaughtered 
at live weights of 35.5,41.5 or 47.0 kg. With each incremeat in. target live weight, the 
carcasses were heavier and had proportionally more fat. The progeny of high index rams had 
144 g more lean, 66 g more bone and 186 g less fat in a 19.7 kg carcass than the progeny of 
low index rams. One standard deviation increase in ram index score corresponded to 51 g 
increased lean and 64 g less fat in the 20-kg carcass of their crossbred offspring. It was 
concluded that the use of rams with high lean index scores in a crossbreeding system would 
produce lambs with leaner carcasses. 
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The progeny of high index Suffolk sires had carcasses with 7.6 g/kg more lean and 
10.2 g/kg less fat than those of low index sires. At the same level of subcutaneous fat, lainbs 
from high index sires were expected to have .75 kg heavier carcasses than those from low 
index sires (Simm et al., 1990). 
Diet 
Dietary protein levels (10 and 16%) had little effect on carcass fat or yield of 
wholesale cuts. Carcasses from the 16% protein group contained more moisture and less 
ether extract in the first year than in the second. Drip losses were higher for heavier 
carcasses, which were fatter, ±an for lighter carcasses and higher for the low-protein group 
of the first year which also were fatter than the high-protein group (Kemp et al., 1976). 
Lambs given the diet with 16% CP tended to have carcasses with increased total lean [P = 
.19), percent lean (P = .07) and more desirable YG {P = .19) than lambs given the 13% CP 
diet (Neary et al., 1995). 
Chant (1977) compared three diets (DE = 2.36,2.85,3.32 Mcal/kg feed) to study the 
effect of energy level on composition and quality grades of lambs and found that the high-
energy diet produced carcasses with the highest quality grades and the greatest amoimt of fat. 
Crouse et al. (1981) fed Suffolk and Rambouillet sired ram and wether lambs, a high 
or low energy diet at the University of Wyoming or the Meat Animal Research Center until 
slaughter weight of 62 or 76 kg. At similar slaughter weights, carcasses obtained from lambs 
fed the high-energy diet had more kidney and pelvic fat than carcasses obtained from lambs 
fed the low energy diet. Carcasses from lambs fed the high-energy diet had softer and more 
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yellow colored fat than carcasses from lambs fed the lov/ energy diet. However, flavor 
scores were higher for meat from lambs fed the low energy diet. No differences in fat color, 
fat firmness or cooked meat flavor were observed between carcasses obtained from the two 
locations. 
Jones et al. (1983) fed 40 crossbred lambs to appetite (H) or 70% of this expected 
intake (70%Bi). Ten lambs from both groups were slaughtered after 40 d and 30 after 61 d on 
feed. Lambs fed on diet H had a greater weight of pelt, liver and caul fat, but had a lower 
warm carcass weight and less mesenteric fat than lambs fed on 70% H at die same empty 
body weight. Dietary energy intake had small but statistically significant effects on carcass 
muscle distribution. Lambs fed on 70% H produced carcasses with proportionally more 
muscle in the leg and less muscle in the loin and shoulder than lambs fed on H at the same 
carcass muscle weight. Sex and dietary energy intake had minor effects on carcass bone and 
fat distribution. 
Hodge and Star (1984) compared the fat states of lambs during continuous growth 
and following nutritional restriction, and subsequent realimentation. The lambs were 
slaughtered at 32,37,42 and 47 kg live weight. Restilts of multiple regression analyses 
showed that carcasses of the continuously grown lambs contained significantly more 
subcutaneous fat in the 9"^ to 12"* rib cut and more kidney and chatmel fat than the carcasses 
of the refed lambs. Similar results were obtained from measurements of depth of 
subcutaneous fat at 13 sites on the carcass and from subjective appraisal of fat status. The 
regression equations showed that the effects were greatest at carcass weights of 14 to 17 kg 
and that the difference in fat status lessened as carcass weight of the refed lambs increased. 
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During refeeding, neither the rate of carcass gain nor the type of diet significantly affected 
measurements of fat status. 
A total of 120 ewe and wether Iambs were fed on low (65% TDN, 12.3% CP) or high 
(70.6% TDN, 16.1% CP) energy diets and slaughtered at average ages of261, 356 or 469 d. 
High planes of nutrition for lambs at 356 or 469 d old resulted in heavier carcasses, thicker 
fat depth and higher flank streaking scores compared with lambs fed low planes of nutrition. 
Rib bone, break joint and overall maturity scores were not influenced by diet (Field et al., 
1990). 
For three years 200 feeder lambs weighing 31 kg were allowed to graze on regrowth 
or residue from lucerne, barley, beans, beet and maize for 2 mo prior to being randomly 
allotted to feedlot diets. Average weights at the begirming of the feeding trials were 37 kg 
and Iambs were fed to an average weight of 48 kg, then slaughtered for carcass information. 
Performance of Iambs was excellent and carcasses were satisfactory when pelleted forages 
were fed, both with and without maize silage. Diets including maize silage generally showed 
a significant advantage in feed efficiency over lambs that did not receive maize silage 
(Botkin et al., 1981). 
Murphy et al. (1994) compared three finishing systems for carcass characteristics of 
Iambs. Forty early-weaned crossbred lambs, weighing 28 kg, were 1) grazed on lucerne; 2) 
fed concentrate in drylot, or 3) grazed on. ryegrass for 42 d followed by concentrate feeding 
in drylot. All lambs were fed to a similar final weight of 48 kg. Average daily gain was 
greater for lambs placed directly in. the feedlot than for lambs on the other two finishing 
systems. The quantities of separable lean tissue and bone were not affected by finishing 
system. However, quantity of total fat and each of the three major fat depot sites 
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(subcutaneous, seam and mesenteric) were reduced {P < .05) in luceme-finished lambs 
compared with fat in lambs fed on concentrate at some stage during finishing. Daily-
accretion rates of lean and fat tissue were greater [P < .05) for lambs placed directly in dry lot 
than for lambs given forage. In addition, daily fat accretion rates were greater in lambs 
placed directly in drylot than in lambs that initially grazed ryegrass. It was concluded that 
finishing systems based on grazed forage can lead to the production of leaner carcasses, but 
major differences in the composition of carcass cuts were not observed. 
Lee and Demment (1995) studied 280 weaned Targhee lambs grazed for 84 d under a 
continuous and rotational defoliation grazing system. At the end of the grazing season, 20 
Iambs weighing 44 kg were slaughtered directly off pasture, whereas two groups of 20 lambs 
each were fed on lucerne pellets or a 50% luceme-50% concentrate pelleted diets for an 
additional six weeks until they attained 50 kg live weight. Lambs slaughtered off the pasture 
were lighter than the desirable market weight and some Iambs had less than adequate fat 
cover and almost half of them were graded US Good in quality. Overall conformation and 
leg muscling were inferior and loin chops were less tender, less juicy and had less flavor. 
The Iambs on lucerne pellets for six weeks seemed to be ideal in terms of carcass quality, fat 
cover and yield grade. They had better taste panel scores in all palatability traits than did the 
lambs slaughtered off pasture, and most loin chops were acceptable. The lambs on the 50:50 
lucerne: concentrate diet had a higher conformation score and greater muscling in the legs. 
Loin chops had more marbling and better palatability than found in the other groups. 
However, some Iambs had excessive fat cover and lower yield of retail cuts. 
Abouheif et al. (1995) fed high and low energy level diets (ME =2.8 and 2.2 Mcal/kg 
DM) but iso-nitrogenous diets to ram lambs to study the influence of dietary level. The 
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results showed that temperature and pH during the 24 h postmortem aging were consistently 
higher and lower, respectively, for the biceps femoris muscle (part of gluteo biceps) from 
lambs fed on high-energy diets than for those given low-energy diets. Muscles from lambs 
given high-energy diets had lower shear force values and higher percent soluble collagen 
than lambs given low-energy diets. Total collagen content was unaffected by dietary energy 
level. Supplementation with 10% poultry oflfal meal was associated with increases in muscle 
tenderness and percent soluble collagen. 
McClure et al. (1995) finished Targhee x Hampshire lambs on all concentrates in 
drylot, forage grazing or concentrate after grazing to evaluate growth performance and 
carcass characteristic. Lambs were slaughtered when fat thickness over the ribeye was 
estimated to be 3.8 to 5.6 mm. Lambs finished or backgrounded on forage had high lean: fat 
tissue gain and a higher percent of lean in their carcasses than drylot fed lambs. 
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CHAPTER 2. EVALUATING TEXEL, SUFFOLK AND COLUMBIA SIRED 
OFFSPRING UNDER A FORAGE BASED LAMBING SYSTEM 
A paper to be submitted to the Journal of Animai Science 
A. Ali, D. G. Morrical, and M. P. Hoffinan 
Abstract 
A terminal sire study was conducted to evaluate production traits of Texel sired 
offspring compared to Suffolk and Columbia offspring in a pasture lambing system. Polypay 
X Dorset crossbred ewes were mated to Texel, Suffolk or Columbia rams for two 35-d 
breeding seasons during December 1992 and 1993. The ewes were wintered outdoors on 
average quality alfalfa hay fed at a level to meet their NRC (1985) requirements. The ewes 
were not fed any concentrate during late gestation or lactation. A total of279 lambs were 
bom with an average drop of 1.7 lambs per ewe. Birth weights (B W), weaning weights 
(WW) and 60-d adjusted weaning weights (Adj-WW) of lambs sired by Texel rams were 5.3, 
24.5 and 18.4 kg, respectively, and were comparable to lambs sired by Suffolk rams (5.4, 
24.7 and 18.4 kg, respectively). These values were greater (P < .05) than lambs sired by 
Columbia rams (4.7,22.0 and 16.2 kg, respectively). Pre-weaning average daily gains for 
Iambs also showed a similar trend (P < .05). The ADG were 238,237 and 209 g, 
respectively, for lambs sired by Texel, Suffolk or Columbia rams. However, survival rate 
(SR) to weaning of68.2, 80.3 and 67.2% for lambs sired by Texel, Suffolk or Columbia rams 
did not differ. In the pasture lambing system an estimated $19.21 per ewe per year was 
saved, from feed costs alone, as compared to more intensive systems. It was concluded that 
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Texel rams, used in a forage-based lambing system, sired offspring that performed equal to 
those of Suffoik sires and better than those sired by Columbia rams. In addition, triplet-bom 
lambs had extremely poor BW and SR as compared to single-bom lambs, which indicated 
that highly prolific ewes might not be suitable for pasture lambing systems such as this one. 
Key Words: Columbia, Suffolk, Texel, Growth, Survival 
rntroduction 
Labor, feed costs and genotypes are some very important factors, which affect the 
output of market lamb production. Pasture lambing systems offer some very positive 
benefits of lower costs of production due to less demand of labor and preharvested feeds. 
However, increased risk of inclement weather, the need for increased management to control 
predators and internal parasites are some negative aspects of pasture lambing. Burfening and 
Van Horn (^1993) have reponed that increased cost of labor of shed lambing, as compared to 
range lambing, impacted negatively on profit. Breeds may have different impacts in various 
environments created by different management systems. In addition, crossbreeding with, new 
breeds can improve important production characteristics of already established breeds. 
Therefore, testing must be done on new breeds to determine the value of the breeds alone, 
prior to crossbreeding with breeds of known performance. When comparing the potential 
breeds suitable for environments created by different management systems, fitoess of 
candidate breeds must be measured in term of sire characteristics and production 
performance of progeny (Bradford, 1974). These traits can effectively be measured through 
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a terminal sire study. Texel, Suffolk and Columbia breeds have been compared as terminal 
sire breeds in Intensive systems (Latif and Owen, 1980; Leymaster and Smith, 1981; 
Leymaster and Jenkins, 1993) and under grazing systems (Latif and Owen, 1979; Flanagan 
and Hanrahan, 1992). Although the above studies involved a comparison of Suffolk with 
Texel or Columbia breeds, none of the studies involved a direct comparison among these 
three breeds. This paper reports on the evaluation of crossbred progeny from Texel, Suffolk 
and Columbia rams bom to the same dam population under a forage based lambing system 
and reared under a common management program, thus producing a direct comparison 
between these three breeds. 
Materials and Methods 
Experimental Animals 
Whiteface ewes composed of primarily Polypay x Dorset crosses were maintained in 
south central Iowa at the McNay Research Farm, in Chariton. Two to six year old ewes were 
used to minimize the effect of dam age. Ewes were exposed to Texel, Suffolk or Columbia 
rams for two 35-d breeding seasons starting in December 1992 and 1993. 
Flock Management 
Ewes were all treated in the same manner both before and after breeding. Shearing 
was completed during late gestation. The ewes were wintered outdoors on average quality 
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alfalfa hay fed at a level to meet their NRC (1985) requiremeats. The ewes were not fed any 
concentrate during late gestation or lactation. 
In early May. ewes were turned out onto grass pastures after being treated for internal 
and external parasites. A total of 6.07 ha of pre-dominantly cool season grass pasture was 
subdivided in to five 1.21-ha paddocks. A two-wire electric fence was used to subdivide 
paddocks within an eleven-wire high tensile electrified perimeter fence. Ewes were rapidly 
rotated through these paddocks initially to stagger grass growth. All paddocks had their 
water source as fixed concrete or portable tanks with limited protection from inclement 
weather provided by draws and trees. Ewes had access to magnesium-fortified blocks to 
reduce the risk of grass tetany. Lambuig occurred from May 10 to 28 in 1993 and from May 
11 to June 15 in 1994. 
Human assistance at lambing was minimal and then was given only after the ewe had 
been in hard labor for one hour. A total of279 Iambs were bom in 164 lambmgs, with an 
average of 1.7 lambs per ewe (Table 1). Ewes with newborn Iambs were allowed to stay in 
the paddock in which they lambed when the main group was rotated into the next paddock. 
Ewe and lambs rejoined the main group when it was rotated back into the paddock. This 
system, commonly referred to as drift lambing, was adopted to improve bonding between 
Iambs and their dams. If triplets were bom, one lamb was removed and reared as an orphan 
in the bam. All lambs were weaned on July 28 (70 ± 9 days old) for the 1993 trial and on 
Augxist 22 (94 ±17 days old) for the 1994 trial. In both trails lambs were not creep-fed. 
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Trait Definitioa 
The following definitions were applied to the traits used for sire breed evaluation. 
Prolificacy was measured as number of lambs bom per ewe lambing. Litter birth weight 
(LBW) was the sum of individual live and dead bom lambs' birth weights (BW) and litter 
weaning weight (LWW) was the sum of individual lamb weaning weights (WW) within each 
lambing. Birth weights for two mummy births were not recorded and used for analysis of 
BW and LBW. The WW and LWW were adjusted to a constant age basis (60 d), assuming 
linear growth of lambs from birth to weaning, and were termed as adjusted weaning weight 
(Adj-WW) and adjusted litter weaning weight (Adj-LWW), respectively. Survival rate (SR) 
was calculated as the percentage of lambs weaned per lamb bom (live, dead or mummy) by 
its dam. The lambs lost, drowned or killed by predators were not used in the analysis of SR. 
Table 1. Birth data of ewes bred to Texel, Suffolk or Columbia rams 
Sire breeds Number of 
lambings 
Number of Iambs bom 
Singles Twins Triplets Total 
Texel 52 19 58 12 89 
Suffolk 54 23 54 12 89 
Columbia 58 18 74 9 101 
Statistical Analysis 
Data were analyzed using General Linear Model procedures for analysis of 
unbalanced data (SAS, 1989). Prolificacy, LBW, LWW and Adj-LWW traits were expressed 
per ewe lambing, and were analyzed by fitting the effects of year (Y; 1993, 1994) and sire 
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breed (B; Texel, Suffolk, Columbia). The models used in the analysis of individual ewe data 
are presented in Table 2. 
Birth, weight and postnatal traits (ADG, WW. Adj-WW and SR) up to weaning were 
analyzed on an individual lamb basis. Data on BW were analyzed by fitting the effects of Y, 
B, sex (S; male, female), type of birth (TB; singles, twins, triplets) and interaction between B 
and TB. Effect of sex was nonsignificant (P > .10) for all postnatal traits recorded on lambs 
to weaning, therefore, sex effect was not included in the model for those traits. The models 
used in the analysis of traits for individual lamb data are presented in Table 3. 
Table 2. Models used in analysis of production traits of ewes bred to Texel, Suffolk or 
Columbia sires^ 
Effects df Prolificacy LBW° LWW Adj-LWW 
Year I .510 .005 .473 .001 
Sire breed 2 .710 .738 .202 .146 
Residual 
a r. t. A 1 
C 
-
- -
-
"LBW = litter birth weight, LWW = litter weaning weight, Adj-LWW = 60-d adjusted litter 
weaning weight. 
Residual df for each trait (left to right) was 160, 158,132 and 132, respectively. 
Table 3. Models used in analysis of production traits of Iambs sired by Texel. Suffolk or 
Columbia sires'' 
Effects df BW° WW Adj-WW ADG SR 
Year 1 .001 .001 .001 .001 .727 
Sire breed (B) 2 .002 .029 .006 .025 .206 
Sex 1 .001 - - - -
Type of birth. (TB) 2 .001 .001 .001 .001 .001 
BxTB 4 .002 .105 .228 .351 .006 
Residual C - - - - -
P-values. All traits were analyzed using Proc. GLM. 
^ B W = birth, weight, WW = weaning weight, Adj-WW = 60-d adjusted weaning weight. 
ADG = pre-weaning average daily gain, SR = survival rate. 
Residual df for each trait (left to right) was 266,182,182,182 and 261, respectively. 
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Economic Analysis 
A worksueet was prepared for our forage based lambing system and compared to a 
more intensive shed lambing system. Values used for land and feed costs, and feeding 
requirements were taken from Strohbehn (1998) and Ricketts et al. (1993), respectively. 
Results and Discussion 
The main interest of this experiment was to evaluate terminal sire breed effects, 
therefore, least squares means for sire breed and type of birth, by sire breeds have been 
tabulated and are being discussed. 
Ewe traits 
Least squares means of prolificacy, LBW, LWW and 60-d Adj-L^"W for ewes mated 
to Texel, Suffolk or Columbia sires are presented in Table 4. Contrasts of these ewe traits 
between sire breeds are presented in Table 5. 
Prolificacy of ewes bred to Texel, Suffolk or Columbia rams was similar (1.71,1.65 
and 1.74, respectively). This fiirther demonstrated that the distribution of Polypay x Dorset 
crossbred ewes in this experiment were uniform in term of prolificacy. It is necessary that 
there should be no confounding of prolificacy (liter size) and sire breeds, when the 
performance of progeny from terminal sire breeds is compared. Difference in prolificacy of 
ewes bred to Texel, Suffolk or Columbia rams will cause a bias in results, because according 
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to Peeters et al. (1996) litter size has elSect on postnatal growth of lambs. More O' Ferrall 
(1974), Leymaster and Smith (1981) and Leymaster and Jenkins (1993) reported similar 
results as our findings regarding prolificacy. More O' Ferrall (1974) observed litter size of 
1.68 for ewes bred to Texel or Suffolk rams. However, Leymaster and Jenkins (1993) noted 
higher prolificacy in their experimental ewes, averaging 2.6 lambs per ewe when they 
compared Texel and Suffolk sire breeds. In their experiment, mature (3 to 6-yr old) 
Finncross ewes derived from 50% Finnsheep, 25% Dorset and 25% Rambouillet breeding 
were used. 
Table 4. Productivity performance of ewes bred to Texel, Suffolk or Columbia rams'^ 
Sire breeds n Prolificacy LEW" LWW Adj-LWW 
(kg) (kg) (kg) 
Texel 52 1.71 ±-08 9.0 ±.40 32-7 ±1.8 24.7 ± 1.3 
Suffolk 54 1.65 ±.08 9.1 ±.39 36.2 ±1.8 27.1 ± 1.3 
Columbia 58 1.74 ±.08 8.7 ±.38 32.1 ± 1.6 23.6 ±1.2 
P-values .710 .738 .202 .146 
^ Least squares means ± SE. 
LBW = litter birth weight, LWW = litter weaning weight, Adj-LWW = 60-d adjusted litter 
weaning weight. 
Table 5. Contrasts of productivity performance of ewes bred to Texel, Suffolk or 
Columbia ranis'^ 
Contrasts Prolificacy LBW° LWW Adj-LWW 
Texel vs Suffolk .589 .909 .167 .204 
Texel vs Columbia .799 -547 .808 .540 
Suffolk vs Columbia 
an"—; ^ 
-417 -471 -092 .053 
^ LBW = litter birth weight, LWW = litter weaning weight, Adj-LWW = 60-d adjusted litter 
weaning weight. 
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Lambs sired by Texel, Suffolk or Columbia rams weight 9.0,9.1 and 8.7 kg per 
lambing at birth, respectively, with the differences due to sire breed not significant. 
Leymasterand Smith (1981) reported heavier (P < .10) litters sired by Suffolk rams as 
compared to litters sired by Columbia rams. However, after evaluating further data provided 
by Leymaster and Jenkins (1993), it was observed that differences in litter birth weights 
between lambs sired by Texel and Suffolk rams (9.3 vs 9.2 kg, respectively) were not 
different. These calculations support our findings about litter birth weight. 
The main effect of litter weaning weight was also not affected by sire breeds. Ewes 
bred to Texel, Suffolk or Columbia rams yielded litter weights at weaning of 32.7,36.2 and 
32.1 kg, respectively. However, results of contrasts showed that litters sired by Texel rams 
were similar in weight at weaning to litters sired by Suffolk or Columbia, but Suffolk sired 
litters were heavier than Columbia sired litters at weaning (JP = .092). Litter weights by 
Texel rams were approximately 90 and 102% of the litter weights of Suffolk or Columbia 
rams {P > .10). Vesley et al. (1966) also reported heavier litter weaning weight per ewe (P < 
.01) for Suffolk than Columbia sired lambs. However, Leymaster and Smith (1981) reported 
similar litter weaning weights for ewes bred to Suffolk or Columbia rams. When litter 
weaning weight was adjusted to a 60-d weaning age, differences of the main effect between 
Texel, Suffolk and Columbia sires (24.7,27.1 and 23.6 kg, respectively) remained 
statistically nonsignificant. However, contrasts between the three sire breeds for AdJ-LWW 
showed a similar trend as LWW with the difference between Suffolk and Columbia sired 
groups different (P = .053). 
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Lamb traits 
Table 6. Growth parameters of lambs sired by Texel, Suffblk or Columbia rams® 
Sire breeds n BW WW Adj-WW ADG SR 
(kg) (kg) (kg) (g) (%) 
Texel 89 5.3 ± .13® 24.5 ± .8® 18.4 ±.5"= 238 ± 8'= 68.2 
Suffolk 89 5.4 ±.13"= 24.7 ± 18.4 ±.4"= 237 ±6"" 80.3 
Columbia 101 4.7 ±.15'^ 22.0 ± .9^ 16.2 ± .6'^ 209 ±9^ 67.2 
" Least squares means ± SE. 
^ B W = birth weigtit, WW = weaning weigiit, Adj-WW = 60-d adjusted weaning weight, 
ADG = pre-weaning average daily gain, SR = survival rate. 
Means within a column with different superscripts differ {P < .01). 
Means within a column with different superscripts differ (P < .05). 
Growth data regarding iambs sired by Texel, Suffolk or Columbia rams and contrasts 
between sire breeds are presented in Table 6 and 7, respectively. 
Lamb birth weight was affected (Table 3; P = .002) by sire breeds. Lambs sired by 
Texel rams were comparable to lambs sired by Suffolk rams and were approximately 10.6% 
heavier (Table 6; i' < .01) than Columbia sired lambs. These finding are in close agreement 
with birth weight data trends presented by Leymaster and Smith (1981) for Suffolk and 
Columbia sired lambs and by Leymaster and Jenkins (1993) for Suffolk and Texel sired 
lambs. However, Flanagan and Hanrahan (1992) found birth weights of lambs sired by 
Texels were heavier (P < .05) than Suffolk sired lambs (4.4 vs 4JZ kg, respecdvely). 
Least squares means for weaning weight and 60-d adjusted weaning weight for lambs 
by Texel rams were similar to lambs sired by Suffolk rams (24.5 and 18.4 vs 24.7 and 18.4 
kg, respectively). The corresponding weights for Columbia sired lambs were 22.0 and 162. 
kg; approximately 10 and 12%, respectively, lighter (P < .05, P < .01) than Texel or Suffolk 
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sired Iambs. Pre-weaning average daily gains showed a similar trend {P < .05) as BW and 
WW. The ADG was 238,237 and 209 g, respectively, for lambs sired by Texei, Suffolk or 
Columbia rams. 
Latif and Owen (1980), Merrell et al. (1990), Flanagan and Hanrahan (1992) and 
Leymaster and Jenkins (1993) found similar results regarding WW and ADG for Texel and 
Suffolk sired lambs. Flanagan and Hanrahan (1992) reported ADG of272 and 264 g/d for 
Texel or Suffolk sired lambs, respectively, from birth to five weeks of age. The differences 
in ADG were nonsignificant. Merrell et al. (1990) did not find any difference in ADG 
between Texel or Suffolk sired lambs from birth to weaning (119 d), although Suffolk sired 
lambs tended to have higher growth rate than Texel sired lambs during the period. 
Leymaster and Jenkins (1993) reported similar WW and ADG for lambs sired by Texel or 
Suffolk rams (14.9 vs 15.3 kg and 219 vs 224 g/d, respectively), until weaning at the average 
age of 51 d. However, More O' Ferrall and Timon (1977) reported more {P < .05) ADG and 
WW for Suffolk sired Iambs than Texel sired Iambs (251 and 240g/d; 28.8 and 27.8 kg, 
respectively), until weaning at the age of 14 wk. 
Table 7. Contrasts of growth performance parameters of Iambs sired by Texel, Suffolk 
or Columbia rams^ 
Contrasts BW" WW Adj-WW ADG SR 
Texel vs Suffolk .497 -865 .978 .896 .135 
Texel vs Colxmibia .005 -031 .006 -018 .906 
Suffolk vs Columbia 
1 r. - -
.001 -Oil .003 -013 .123 
f-values. 
B W = birth weight, WW = weaning weight, Ad]-WW = 60-d adjusted weaning weight, 
ADG = pre-weaning average daily gain, SR = survival rate. 
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Survival rate of lambs was not affected by sire breed, although Suffolk sired lambs 
had greater survival rate in magnitude than lambs sired by Texel or Coliunbia rams (80.3, 
68.2 and 67.2%, respectively). Texel sired offspring did not excel in livability as reported by 
Leymaster and Jenkins (1993). They found Texel progeny, as compared to Suffolk progeny, 
had 9% greater {P = .06) survival rate to weamng. In our study lambing occurred on pasture, 
whereas in Leymaster and Jenkins' (1993) experiments lambing occurred in drylots. 
However, our results are similar to More O'Ferrall (1974) and Latif and Owen (1979). More 
O'Ferrall (1974) reported nonsignificant differences for perinatal survival of 91.6 and 90.1% 
for Suffolk and Texel sired lambs, respectively, and Latif and Owen (1979) reported survival 
of 89.6% for Suffolk and 90.4% for Texel crossbred progeny, respectively. Vesely et al. 
(1966) reported equal survival rates for purebred Suffolk and Columbia progeny (85.3 and 
89.5%, respectively). 
There was a sire breed and type of birth interaction (Table 3;  P= .002) for birth 
weight. Single bom lambs sired by Texel rams were lighter (Table 8; P < .07) than single 
bom Suffolk sired lambs and were heavier (F < .07) than single bom lambs sired by 
Columbia breed rams (6.0,6.6 and 5.1 kg, respectively). 
Twin bom lambs sired by eiliier of these sire breeds were similar in B W (5.1, 5.3, 5.2 
kg, respectively). However, triplets bom out of Texel rams were similar to triplet lambs of 
Suffolk sires but heavier (P < .07) than triplet Iambs out of Colimibia rams (4.7,43 and 3.9 
kg, respectively). 
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Table 8. Growth parameters of lambs sired by Texel, Suftblk or Columbia rams by type 
of birth" 
Traits Breeds 
Texel Suffolk Columbia 
BW(kg)'' 
Single 6.0 ± .23^ 6.6 ±.21'' 5.1 ±.23' 
Twin 5.1 ±.13 5.3 ±.14 5.2 ±. 12 
Triplet 4.7 ± .29"^ 4.3 ±.29'='^ 3.9 ± .35" 
WW (kg) 
27.9 ±1.1"' Single 30.1 ± l.O" 26.1 ± 1.2' 
Twin 22.5 ± .7 22.4 ±.8 22.4 ± .6 
Triplet 23.0 ±1.8'= 21.5 ±1.3''^ 17.3 ±2.2'' 
Adj-WW (kg) 
21.2 ± .8"' Single 22.1 ±.7" 19.5 ±.8' 
Twin 17.0 ± .5 16.9 ±.5 16.4 ± .4 
Triplet 17.0 ±1.3'= 16.2 ±.9"= 12.8 ±1.5'' 
ADG(g) 
Single 275 ± 12^^ 286 ± 10^ 252 ±13® 
Twin 214 ± 8 214 ± 8 208 ± 6 
Triplet 226 ±21'= 211 ±14^'' 167 ±23'' 
SR(%) 
Single 99.7 91.1 81.4 
Twin 63.8^® 58.5^ 75.6'' 
Triplet 41.2" 91.2' 44.8" 
^ Least squares means ± SE. 
'' BW = birth weight, WW = weaning weight, Adj-WW = 60-d adjusted weaning weight. 
ADG = pre-weaning average daily gain, SR = survival rate. 
Means within a row with different superscripts differ {P < .07) 
Means within a row with different superscripts differ (P < .05). 
Means within a row with different superscripts differ (P < .02). 
Sire breed and type of birth interactions for WW, Adj-WW and ADG were 
nonsignificant (Table 3). However, contrast analysis showed that single bom lambs sired by 
Texel rams were comparable in WW and Adj-WW to that of Suffolk or Columbia, but 
Suffolk sired lambs were heavier (Table 8; P < .02) than Columbia sired single bom lambs. 
Twin Iambs sired by either breed were similar in weights at weaning. However, triplet lambs 
sired by Texel were equal to Suffolk, but heavier (P < .07) than Columbia sired triplets at 
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weaning. Single bom iambs showed similar trends (P < .05) for ADG as WW and Adj-WW. 
Twin Iambs sired by either breed were similar in ADG. However, ADG of triplets sired by 
Texel rams were similar to triplets sired by Suffolk rams but the lambs by Texel rams grew 
faster {P < .07) than triplets sired by Columbia rams. 
A significant (Table 3; P = .006) sire breed and type of birth interaction was observed 
for survival rates. Single bom lambs SR were equal by breed of sires (Table 8). Twin bom 
lambs sired by Texel were equal in livability to Iambs sired by Suffolk or Columbia rams but 
twins by Columbia rams had greater SR than twins by Suffolk rams. However, triplet bom 
lambs sired by Texel rams were equal to Columbia sired lambs m livability, but Texel and 
Columbia sired triplet lambs had lower {P < .02) survival rate than Suffolk sired triplet lambs 
(41.2,44.8 and 91.2%, respectively). The lower pre-weaning survival rates of Texel progeny 
was largely due to more Iambs bom dead especially in triplet births. Seven out of nine 
triplets sired by Texel rams were bom dead or died soon after birth during year one of the 
study, whereas, only one triplet sired by Suffolk rams was bom dead during the 2-yr study 
period. The corresponding figure for Columbia rams was 4. More dead births in Texel 
lambs could be due to difBculties at birth. Visscher and Bekedam (1984) indicated more 
dystocia problems in Texels. Elving et al. (1986) found the significant factors affecting 
perinatal death, in order of decreasing importance, were difficult parturition, birth weight, 
presentation of lambs at birth and genotypes of lambs, in Texel and Milksheep and their 
crosses, during 10 spring lambing seasons. This may indicate that highly prolific ewes 
(producing triplets) are not suitable for breeding to Texel breed rams for pasture lambing 
when proper attention is not available during pasture lambing. 
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Economic Analysis 
The performance observed by all three sire breeds in this study was considered 
acceptable. Weight of lambs weaned per hectare was approximately 374.2 kg (Appendix I). 
This weight would yield approximately $617 gross income per hectare per year if lambs were 
valued at $ I.65/kg. Pasture land used in this study was not suitable for row cropping and 
could be rented for $130.59 per hectare or less in most areas of southern Iowa. When 
comparing costs of production, yearly feed costs alone, in the pasture lambing system 
equated to $426.69 per hectare and $25.94 per ewe. These values were $928.42 and $45.15, 
respectively, in shed lambing systems. According to the estimates of our study, the forage 
based lambing systems resulted in savings of $ 19.21 per ewe per year only from feed costs. 
The labor saved in this system was an extra profit. According to Biufening and Van Horn 
(1993), shed lambing ewes weaned .15 more {P < .01) lambs and 7.09 more {P < .01) kg of 
lamb per ewe exposed for breeding than did the range lambing ewes, but increased costs of 
shed lambing impacted negatively on profit. The greatest return from range lambing in their 
study was when lamb prices were low and per ewe costs for shed lambing were high. 
Implications 
Experimental results indicated that a pasture lambing system could be successfiiUy 
implemented to reduce the cost of lamb production. Texel rams used in a forage-based 
production system, sired offspring that consistently performed equal to those of Suffolk rams 
and better than those sired by Columbia breed rams. In addition the triplet-bom lambs had 
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extremely poor BW and SR as compared to single-bom lambs which indicated that highly 
prolific ewes (with Uiier size three) might not be suitable for pasture lambing systems such as 
this one. 
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CHAPTER 3. EVALUATING TEXEL, SUFFOLK AND COLUMBIA SIRED 
OFFSPRING IN THE FEEDLOT OR ON PASTURE AND IN THE FEEDLOT 
FOR POSTWEANEVG GROWTH AND CARCASS QUALITY 
A paper to be submitted to the Journal of Animal Science 
A. Ali, D. G. Morrical, M. P. Hoffinan, and P. J. Berger 
Abstract 
A terminal study was conducted to evaluate post-weaning growth and carcass traits of 
Texel sired offspring compared to Suffolk and Columbia sired offspring. The Iambs were 
weaned on an average age of 70 and 94 d during 1993 and 1994, respectively. After weaning 
Iambs from each sire breed were allocated to one of two finishing programs. Finishing 
programs were 1) direct to feedlot (FPl) and 2) pasture followed by feedlot (FP2). The 
Iambs were fed shelled com and pelleted protein supplement in die feedlot. Lambs were 
slaughtered at a weight of 58.5 kg (±7.2 SD). The ADG were highest for Suffolk sired 
offspring, followed by Columbia and Texel sired offspring (318.286 and 262 g. respectively: 
P < .01). The ADG were higher (P < .01) in FPl than FP2 (333 vs 244 g, respectively). 
These differences in ADG led to an increase of 31 d to reach, slaughter weight for Iambs that 
initially grazed as compared to Iambs placed directly in the feedlot. Feed efficiency (FE) in. 
drylot was similar for offspring of either sire breed, however FE was better in FP1 than FP2 
(4.4 vs  5.1 kg of  feed per  kg of  gain,  respect ively;  P < .05) .  Texel  carcasses  had more {P < 
.01) loineye area (LEA) than Suffolk and Columbia carcasses (17.3,16.1 and 16.1 cm% 
respectively). Backfat was also higher {P < .05) in Texel than Suffolk crossbred Iambs. 
However, Texel and Suffolk crossbred Iambs were similar to Columbia crossbred lambs in 
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BF (.79, .61 and .71 cm, respectively). Body wall thickness (BWT) was less {P < .10) in 
Texel and Suffolk sired carcasses than Columbia carcasses. Suffolk sired carcasses were 
similar to Texel sired carcasses in BWT (2.95,2.99 and 3.21 cm, respectively). Dressing 
percentage and quality grades were similar for lambs from the three sire breeds. Lambs 
finished in FP2 had more LEA {P < .05) and less BF (P < .10) than lambs finished in FP1 
(16.4 vs 15.5 cm" and .54 vs .64 cm, respectively). The body wall thickness was also less in 
carcasses of lambs finished in FP2 than FPl (2.57 vs 2.85 cm, respectively; i' < .01). The 
interactions between sire breeds and finishing programs were nonsignificant for all growth 
and carcass traits studied except dressing percentage. Texel sired crossbred Iambs may have 
some potential for increasing muscle mass. However, increase in lean mass of Texel 
crossbred lambs is counterbalanced by lower growth rate than Suffolk and Columbia sired 
crossbred lambs. Grazing iambs prior to feedlot improved leanness and muscling in this 
study. 
Key Words: Carcass Traits, Feed Efficiency, Post-Weaning Growth, Terminal Sire 
Introduction 
Production of lean lamb to meet the consumer demand for less fat is a major 
challenge for the sheep industry. At present less than 30% of market lambs processed into 
meat in the United States meet requirements for leanness and muscling as specified in the 
"Certified Lean American Lamb" program established in 1990 by the American Sheep 
Industry Association (Beermann et al., 1995). 
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To achieve the goal of meeting the demand of the consumer for leaner lamb, the 
introduction of new sheep breeds has been tried in terminal sire breeding programs. 
Information on growth and carcass traits of progeny from different terminal sire breeds is 
required by lamb producers to facilitate choices in relation to production systems and 
changes in market requirements. Croston et al. (1987), Latif and Owen (1980), Leymaster 
and Jenkins (1993), and Ellis et al. (1997) compared several terminal sire breeds, including 
the imported Texel breed, which has been noted for an unusually high lean composition. 
Whereas, Murphy et al. (1994) and McClure et al. (1995) comparing all concentrate and 
different forage based finishing systems for achieving desirable carcasses, found that daily 
accretion of lean and fat tissues were greater for lambs placed directly in the feedlot than 
lambs that consumed forage at some time during the feeding period. However, information 
is scanty about the overall effect of different finishing systems on growth performance and 
carcass characteristics of the Texel sired lambs as compared to the offspring of the more 
common terminal sire breeds of Suffolk and Columbia in the United States. Therefore the 
objectives of this study were to evaluate Texel sired crossbred lambs placed directly in to the 
feedlot at weaning or left on pasture following weaning and later placed in the feedlot for 
finishing. Growth performance and carcass characteristics were compared to Suffolk and 
Columbia crossbred offspring. 
66 
Materials and Methods 
Experimental Animals 
This study used lambs resulting from the study described in Chapter 2. Lambs were 
sired by Texei, Suffolk or Columbia rams and bom to Polypay x Dorset crossbred whiteface 
ewes in south central Iowa at the McNay Research Farm, Chariton during 1993 and 1994. 
Lamb Management 
Lambs were weaned on July 28 (70 ± 9 d) for the 1993 trial and on August 22 (94 ± 
17 d) for the 1994 trial. All Iambs had been vaccinated against enterotoxemia prior to 
weaning. After weaning Iambs were allocated within sire groups to one of two finishing 
programs. The finishing programs were I) direct to feedlot (FPl), and 2) backgroimding on 
pasture followed by feedlot (FP2). The Iambs were given an 8- and 9-d post-weaning 
adaptation period in the 1993 and 1994 trials, respectively, to adjust to their finishing 
program prior to the start of the experiment. Lambs in FP1 were grouped in different pens in 
the bam and fed a high concentrate ration consisting of shelled com and pelleted protein 
supplement (Table 1). Lambs in FPl were backgrounded on pasture (Phase 1) for 63 and 56 
d during 1993 and 1994, respectively. They were raised as a single group on pasture and 
supplemented with 455 g/h of concentrate daily. The composition of concentrates fed to 
Iambs in Phase 1 in FP2 is given in Table 2. 
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During the last weigh period (Table 3) of Phase I in FP2, Iambs were gradually 
brought up to the same high concentrate diet as was fed to Iambs in FPl (TableI), Upon 
entering Phase 2 Iambs were moved to the bam and permed in groups and continued on the 
same diet until slaughter. 
Table 1. Chemical and nutrient analysis of shelled com and protein supplement"^ 
Nutrients Units Shelled com Protein supplement 
As fed Anhydrous As fed Anhydrous 
DM % 86 100 88.50 100 
Nitrogen % 1.15 1.34 6.91 7.81 
Protein % 7.18 8.35 43.20 48.81 
ADF % 2.9 3.37 4.20 4.75 
Ca % .03 .03 4.32 4.88 
P % .24 .28 .80 .90 
K % .33 .38 2.04 2.31 
Mg % .1 .12 .30 .34 
S % .08 .09 .47 .53 
Na % .01 .012 .10 .11 
Zn ppm 19 22 322 364 
Mn ppm 6 7 234 264 
Cu ppm 4 5 8 9 
Fe ppm 30 6 374 423 
Co ppm I 12 2.0 2J 
A1 ppm 1 1 50 56 
TDN (estimated) % 74.86 87.04 - -
DP (estimated) % 3.68 4.28 - -
ME Kcal/kg 2704 3144 - -
NEm Kcal/kg 1797 2092 - -
NEg Kcal/kg 1221 1421 - -
'^Analysis was done at Iowa Testing Laboratories, Inc. Eagle Grove. Iowa. 
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Table 2. Composition of concentrate fed to lambs during Phase 1 
Ingredients ^rcentages 
Com 73.5 
Soybean meal, 49% 18.5 
Molasses 5.0 
Limestone 2.0 
Trace Mineral (TM)'' .5 
Ammonium sulfate .5 
Plus 50 g CTC, 1,000,000 lU vitamin A, 100,000 lU vitamin 
35,000 lU vitamin E and .3 g Se per .907 metric ton of concentrate, 
'' No copper in TM salt. 
Table 3. Intermediate weighing schedule of lambs in the feedlot or on pasture and in the 
feedlot finishing programs 
Weigh 1993 1994 
periods Intervals Fpr FP2 Intervals FPl FP2 
(Days) (Days) (Days) (Days) (Days) (Days) 
Phase 1 
1 l''-21 21 21 1-21 21 21 
2 22-42 21 21 22-42 21 21 
J 43-63 21 21 43-56 14 14 
Phase 2 
4 64-84 21 21 57-76 20 20 
5 85-101 17 17 77-97 21 21 
6 102-130 - 29 98-105 8 -
- - -
- 98-119 - 22 
7 - - - 120-140 - 21 
8 - - - 141-148 - 8 
Total days - 101 130 - 105 148 
" FP1 = fiirec^t to feedlnt; FP?. = graTing fnllnwed hy feedlnt 
^ First day on finishing programs. 
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Data Collection 
Lamb growth 
After Iambs were initially weighed on test, they were weighed at approximately 21-
day intervals (Table 3). Weights were obtained as a single weighing starting at about 0800, 
which was before feeding concentrates. Overall post-weaning average daily gains were 
calculated using initial and final weights of Iambs during the experiments. However, to 
maintain uniformity in all lamb groups, ADG during intermediate weigh periods (WP) were 
calculated and reported only for the first through the fifth WP. Daily DMI of concentrates 
were measured and feed efficiencies (FE; kilograms of DMI per kilograms of gain) were 
calculated on a pen basis. 
Carcass Characteristics 
When Iambs in each finishing program reached market weights of 58.5 ± 12, they 
were shipped to a commercial slaughter facility for processing and collection of carcass data. 
Carcass weight (CW) was taken 24-h after slaughtering the Iambs. Dressing percentage (DP) 
was calculated by dividing carcass weight, including kidney fat, by final live weight of the 
lamb. After a 24-h carcass chill, carcasses were evaluated for quality grades by the USDA 
Meat Grading Service, to the nearest one-third of a grade. Average Choice qxiality grade was 
given an 11, High Choice a 12, and Low Prime a 13 (USDA, 1982). Backfat depth (BF) was 
measured over the mid-point of the longissimus muscle between the 12'^' and 13''' ribs. Body 
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wall thickness (BWT) was also measured between the 12"^ and 13''' ribs approximately 13 cm 
off the backbone (midline) of the carcass. Loineye area (LEA) was measured using a plastic 
grid with 10 dots per square inch and was reported in square centimeters. Additional data 
measured included rear leg width (RLW) and carcass length (CL: the length of side from the 
dorsal cranial edge of the first thoracic vertebra to the cranial edge of the symphysis pubis). 
Percent boneless closely trimmed retail cuts (PBTRC) from leg, loineye area» rack and 
shoulder were estimated by the predicted formula suggested by Savell and Smith (1998). 
The modified formula is PBTRC = 49.936 - (.1866 x kg CW) - (1.723 x cm BF) - (1.39 x 
cm BWT) + (.3807 x cm" LEA). 
Statistical Analysis 
All post-weaning growth traits were obtained on an individual Iamb basis except FE. 
which was obtained on pen basis. Preliminary statistical analyses for average daily gains 
were done to investigate the possible effects of year, sire breed, finishing program, sex and 
type of birth of lambs. Sex and type of birth did not affect growth and were therefore, 
removed from the final models. Data on post-weaning ADG were analyzed using Proc. 
GLM of SAS (1989). The final model for ADG during Phase 1, Phase 2 and overall included 
year (Y; 93 and 94), sire breed (SB; Texel, Suffolk and Columbia), finishing program (FP; 1 
and 2) and SB x FP interaction. Weaning weight (WW) and weaning age (WA) were used as 
covariates. Least squares means were derived and tested by the PDEFF option in GLM 
procedures of SAS (1989). The ADG during intermediate weigh periods, being repeated 
measures data, were analyzed using WP as repeated measures in Proc. Mixed of SAS (Littell 
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et al., 1998), and were done separately for both finishing programs. The model included Y, 
SB, WP (1 through 5) and SB x WP interaction as fixed effects and Iamb within Y, and SB as 
random effects. This model also included WW and WA as covariates. 
Carcass data were available for both finishing programs (FPl and FP2) only during 
the 1993 trial, whereas carcass data during 1994 were available only for FPl. Due to the 
non-availability of FP2 carcass data during 1994, carcass data were analyzed In two subsets. 
The data set for FPl during 1993 and 1994 was termed as subset 1 (SSI). The data subset 
comprising lambs in both finishing programs during 1993 was termed as subset 2 (SS2). The 
SSI was analyzed using GLM procedures of SAS (1989) to study breed effects on carcass 
traits at a constant weight by including carcass weight as a covariate. The SS2 was used to 
compare sire breeds, finishing programs and their interaction in GLM procedures of SAS 
(1989). The model for SS2 analysis also included carcass weight as covariate. Least squares 
means were derived and tested by the PDIFF option m GLM procedures of SAS (1989). 
Homogeneity was observed in both data subsets (SSI and SS2) for breed effects, therefore, 
the SSI was discussed for sire breed effects and SS2 was discussed for finishing program 
effects. If any trait varied for sire breeds between the two data subsets then that was also 
discussed. The SS1 was used for correlation and regression analysis. Pearson correlation 
coefficients and significance probability among live and carcass traits were calculated using 
Proc. Corr. of SAS (1989). Homogeneity of breed correlation coefficients was tested using 
the chi-square test (Steel and Torrie, 1980). Regression analysis was done to explain changes 
in loineye area associated with slaughter weight (final weight) within breeds. Homogeneity 
of regression coefficients, predicting LEA firom slaughter weight between sire breeds, was 
tested using the r-test (SAS, 1989). 
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Results and Discussion 
Growdi data of Iambs sired by Texel, Suffolk or Columbia rams are listed in Table 4. 
Despite  having the same ini t ial  weights ,  Suffolk sired lambs were aearly 9  kg heavier  {P = 
.01) than Texel sired lambs at an average age of 180 and 211 dforFPl andFP2, 
respectively. Texel sired lambs were equal in final weights to Columbia sired lambs. The 
Suffolk sired lambs grew faster during Phase 1 (P < .01) and Phase 2{P< .06) than lambs 
sired by Texel or Columbia rams. The differences between lambs sired by Texel or 
Columbia rams for ADG were not significant in Phase I, however. Phase 2 favored 
Columbia sired lambs {P = .001). The same trend was observed for overall post-weaning 
weight gains {P = .001), with Suffolk sired lambs gaining more rapidly (318 g/d) followed by 
Columbia and Texel sired Iambs (286 and 262 g/d, respectively). 
Table 4. Growth traits of lambs sired by Texel, Suffolk or Columbia rams^ 
Growth traits Sire breeds 
Texel Suffolk Columbia 
Number of lambs 50 55 58 
Initial weight, kg 23.9 ± .7 25.1 ± .6 23.7 ± .6 
Final weight, kg 54.9 ± l.O" 63.0 ± 1.0"= 57.0 ± .9" 
Post-weaning ADG, g 
Phase 1 247 ± 1^ 299 ± 7^ 256 ±6" 
Phase 2 166 ±T 326 ±7^ 309 ±6® 
Overall 262 ± 318 ±5"= 286 ±5*^ 
Feed efficiency, kg feed/kg gain"* 4.9 ±.12 4.7±.12 4.7 ±.12 
Least square means ± SE. 
Means within a row with different superscripts differ (P < .01).  
Means within a row with different superscripts differ {P < .06). 
Feed efficiency of lambs in drylot. 
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Our results are in agreement with Leymaster and Jenkins (1993) and Simm (1987). 
Leymaster and Jenkins (1993) reported that the Suffolk breed had greater potential for 
growth than the Texel breed, and the weight of purebred Suffolk and Texel ewes averaged 
94.5 and 74.5 kg, respectively. They also reported that Suffolk crossbred lambs grew more 
rapidly from 63 to 189 d of age than Texel crossbred lambs (224 vs 219 g/d, respectively). In 
our study growth rates up to 203 d of age were 318 and 262 g/d, respectively (Table 5), for 
Suffolk and Texel crossbred lambs. However, Latif and Owen (1980) did not find any 
significant difference for daily gains from weaning to slaughter between Texel and Suffolk 
sired lambs, although daily gains favored Suffolk lambs (301 vs 287 and 265 vs 250 g for 
males and females, respectively). In their study. Iambs were slaughtered at 121 d of age 
whereas, in our study lambs were slaughtered at 185 d of age in the feedlot-finishing 
program. la another study, MerreU et al. (1990) did not find significant differences in daily 
gains from birth to slaughter, although Suffolk crossbred lambs tended to have higher daily 
growth rates than Texel crossbred lambs (262 vs 250 g, respectively). However, Flanagan 
and Hanrahan, (1992) found Texel crossbred lambs grew faster (P < .01) than Suffolk 
crossbred lambs up to about 37 kg slaughter weight (277 vs 261 g/d, respectively). Other 
studies indicated that as the age of lambs was increased, the difference between Texel and 
Suffolk crossbred Iambs for live weight was increased. Weights of Texel crossbred lambs 
relative to weight of Suffolk crossbred lambs were given as 99 and 101% at 42 d of age 
(More OTerrall and Timon, 1977; Latif and Owen, 1979). The relative weights for Texel 
crossbred lambs versus Suffolk crossbred lambs were 94% at 84 d of age (Wolf et al., 1980), 
97% at 98 d of age (More OTerrall and Timon, 1977) and 93% at 189 d of age (Leymaster 
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and Jenkins, 1993). In our study the relative weight of Texel crossbreds Iambs to Suffolk 
crossbred at 203-d age was 87.1% (Table 4). 
Growth patterns of lambs of the three sire breeds in FPl and FP2 are depicted in 
Figures 1 and 2, respectively. 
440 ^ 
a Texel 
• • .Suffolk 
Columbia 
1 2 3 4 5 
21-d weighing periods 
Figure I. Average daily gains of Texel, Suffolk and Columbia 
crossbred lambs in direct to feedlot program 
Q 200 
# Texel 
B . .Suffolk 
— Columbta 
1 2 
21-d weighing periods 
Figure 2. Average daily gains of Texel, Suffolk and Columbia crossbred 
lambs fed on pasture and followed by feedlot program 
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Table 5. Growth rates (g/d) by weighing period of lambs sired by Texel, Suffolk or 
Columbia rams going directly to drylot^ 
Weigh periods Sire breeds 
Numbers Days" fexel Suffolk Columbia 
1 1-21 306 ± 18"= 417 + 20° 313 ±19' 
2 22-42 349 ± 18 377 ±20 370 ± 19 
3 43-60 286 ± 18' 358 ± 20*" 331 ±19*" 
4 61-80 278 ± 18' 350 ±20^ 328 ± 19'" 
5 81-99 265 ± 18' 300±20' 352 ±19'" 
Average 1-99 297 ± 9' 361 ± 9'^ 339 ± 8® 
Least square means ± SE. 
'' Average of two years on finishing program. 
Means within a row with different superscripts differ (F < .01). 
S'f'S Means within a row with different superscripts differ (P < .10). 
Growth ranking of sire breeds in FPl varied by period (P < .01; Table 5), with 
Colimibia sired offspring having equal performance to Suffolk sired offspring in three of five 
WP during 99 d of finishing. Overall however, Suffolk offspring had faster growth rates than 
Columbia sire offspring (361 vs 339 g/d; P < .10). Both Suffolk and Columbia crossbred 
lambs had more rapid growth rates compared to Texel during 1-99 finishing days (P < .01) 
but Suffolk and Columbia crossbred lambs also had different growth rates (P = .082) during 
the same period. As shown in Table 5, Columbia sired iambs were slower growing than 
Suffolk sired lambs in early post-weaning life, however they gained equal to Suffolk sired 
lambs in mid post-weaning stages and faster in the last post-weaning period. In our previous 
study (Ali et al., 1999), we found Columbia sired lambs had lower birth weights and slower 
pre-weaning daily gains (4.7 kg and 208 g; P < .01, P < .05), respectively) than Texel or 
Suffolk sired lambs (5.3 and 5.4 kg; 238 and 237 g, respectively). Leymaster and Smith 
(1981) weaned lambs at an average of 51 d of age and were not able to find significant 
differences for post-weaning daily gains or weights at 154-d of age between Suffolk and 
Columbia sired lambs (285 vs 274 g/d and 44.9 vs 43.8 kg, respectively). Our findings also 
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showed similar patterns of growth during those periods of life, where we observed similar 
ADG for Suffolk and Columbia sired lambs during second through fourth WP, The 
interaction between sire breeds and weighing periods was not significant for FP2. 
Type of finishing programs exerted a large influence on ADG (Table 6). Lambs 
finished exclusively in the feedlot had greater ADG {P = .001) than lambs grazed on pasture 
prior to going to die drylot for finishing (333 vs 244 g, respectively). These differences in 
ADG led to an increase of 31 d to reach slaughter weight for lambs that initially grazed as 
compared to lambs placed directly in feedlot. These results are in agreement with those of 
Arnold and Meyer (1988), Notteretal. (1991), Meyer etal. (1993) and Murphy et al. (1994). 
Murphy et al (1994) observed higher ADG for lambs placed directly in drylot compared to 
pasture feeding followed with drylot. The differences in growth rates were presumably due 
to differences in energy density and. ultimately total energy intake. Grovum (1988) reported 
that ewes consumed less DE when the forage to concentrate ratio in diets was greater. 
Table 6. Growth performance of Iambs finished in die feedlot or on pasture 
and in the feedlof 
Growth traits Finishing programs /'-values 
FP1° FP2 
Number of lambs 80 83 -
Initial weight, kg 24.5 ±.5 24.0 ±.5 .523 
Final weight, kg 58.7 ±.8 57.9 ±.8 .460 
Post-weaning ADG, g 
Phase I 351 ±6 184 ±5 .001 
Phase 2 311 ±5 290 ±5 .007 
Overall 333 ±4 244 ±4 .001 
Feed efficiency, kg feed/kg gain"^ 4.4 ±.l 5.1 ±.l .001 
Least square means ± SE. 
FPl = direct feedlot, FP2 = pasture followed by feedlot 
"^Feed efficiency of lambs in drylot. 
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Table 7. Daily growth rates of lambs sired by Texel, Suffolk or 
Columbia rams during Phase 2 by flxxishing systems" 
Finishing programs Sire breeds 
Texel Suffolk Columbia 
Feedlot 267 ± 9 330 ±10 337 ±9° 
Grazing and followed by 
feedlot 266 ±11 323 ± 9 280 ±9° 
"Least square means (g) ± SE. 
Means within a column with different superscripts differ (P < .01). 
The interaction between sire breeds and finishing pro^ams for ADG in Phase I was 
not significant. However, this interaction during Phase 2 was significant (Table 7; P < .01). 
During Phase 2, the rate of gain for Texel crossbred lambs was similar in both FPl and FP2. 
A similar growth trend was also noted for Suffolk crossbred lambs. However, Columbia 
crossbred lambs performed better in FPl than FP2 {P < .01). During Phase 2, rations were 
the same for both FPl and FP2, therefore, it is not possible to determine the reason why 
Columbia sired Iambs failed to perform equally as well. The interaction for overall post-
weaning daily gains between sire breeds and finishing programs was nonsignificant. 
Sire breeds did not differ in feed efficiency (Table 4), whereas fim'shing systems did 
affect feed efficiency (Table 6). Lambs in FPl were more efficient (P = .001) in overall feed 
efficiency of 4.4 kg of feed per kg of weight gain, whereas lambs in FP2 had FE of 5.1 when 
they were fed in dry lot. Lambs in the FPl had similar FE in Phase I and Phase 2 (4.1 and 
4.9, respectively). Feed efficiencies for crossbred lambs in FPl and FP2 were also similar in 
Phase 2 (4.9 and 5.1, respectively). Meyer et al. (1993) also didnot find any difference in FE 
for lambs finished in drylot or lambs finished on forage followed by drylot (6.46 and 6.88, 
respectively) while on concentrate diets. In our study lambs in FP2 were fed for a longer 
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period on concentrate diets compared to Meyer et al. (1993), which might have resulted in 
poorer efficiency for those lambs. Meyer et al. (1993) forad as lambs on concentrate became 
heavier and spent longer on feed, their gains became less efficient (JP < .01). 
Carcass parameters as affected by sire breeds are listed in Table 8. Carcass weights 
were greater (P < .01) for Iambs sired by Sufiblk rams than lambs sired by Texel or 
Columbia rams, but sire breeds did not affect dressing percentage. Ellis et al. (1997) also did 
not find any differences in killing out percentage between Texel and Suffolk sired Iambs 
(45.2 vs 44.4%, respectively). In our study backfat was influenced by sire breeds (f = .044); 
Texel sired lambs had more BF than Suffolk sired lambs, but were similar to Columbia sired 
lambs (.79, .61 and .71 cm, respectively). The difference between Suffolk and Columbia 
crossbred lambs for BF was not significant. Leymaster and Jenkins (1993) also found similar 
results (.65 vs .54 cm, respectively; /' < .01). They found that Texel sired lambs deposited 
proportionally more subcutaneous and less intermuscular fat than did Iambs by Suffolk sires. 
However in data subset 2 (1993 trial) of our study, sire breeds did not differ for BF (.60, .55 
and .61 cm, respectively, for Texel, Suffolk and Columbia sire breeds). 
Carcasses of Texel crossbred lambs exhibited superior loineye areas compared to 
either Suffolk or Colimibia crossbred Iambs (17.3,16.1 and 16.1 cm", respectively; P < .01). 
Our findings are in agreement with Leymaster and Jenkins (1993) and Ellis et al. (1997). 
Leymaster and Jenkins (1993) found more loineye area in Texel than Suffolk Iamb carcasses, 
despite lighter weight and shorter body length, and the difference in loineye area was 
significant {P < .10) at 25 kg fixed carcass weight (15.5 vs 14.6 cm", respectively). 
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Table 8. Carcass performance of Iambs sired by Texel, Suffolk or Columbia rams going 
directly to dryiot following weaning" 
Carcass traits Sire breeds 
Texel Suffolk Columbia 
Number on Iambs'' 31 23 20 
Slaughter age, d 193.0+ 1 194.0 ± 2 195.0 ±1 
Carcass weight, kg 28.9 ± .r 33.7 ± 30.3 ±J' 
Dressing percentage, % 52.0 ± .3 52.7 ±.4 52.2 ±.3 
Percent boneless closely 45.6 ± 2" 44.6+ .3'' 44.7 ±.2'' 
trimmed retail cuts (PBTRC) 
Backfat, cm .79 ± .04'' .61 ± .05*^ .70 ± .04"''' 
Loineye area, cm' 17.3 ±.3"= 16.1 ±.3"' 16.1 ±.2'' 
Body wall thickness, cm 2.95 ± .08® 2.99 ±.1® 3.21 ±.08" 
Quality grade" 12.1 ±.24 11.7 ±.29 12.2 ±.24 
Rear leg v^dth, cm 59.7 ±.6'= 58.6 ±.9"^ 58.0 ±.6'" 
Carcass length, cm 77.8 ±.4® 81.2 ±.5" 80.1 ±.4' 
^ Least square means ± SE; ail traits except carcass weight and PBTRC adjusted for carcass 
weight. 
'' Number of Iambs by Texel, Suffolk and Columbia sires were 16,9 and 15, respectively, for 
rear leg width. 
Means within a row with different superscripts differ {P < .01). 
Means within a row with different superscripts differ {P < .05). 
Means within a row with different superscripts differ (P < .10). 
^ Low Choice =10; average Choice =11; high Choice = 12. 
Percent boneless closely trimmed retail cuts was greater (P < .01) in carcasses of 
Texel sired Iambs than Suffolk and Columbia sired lambs (45.6,44.6 and 44.7%, 
respectively). The findings that Texel Iambs had a higher carcass lean proportion than those 
sired by Suffolk rams is similar to a number of other reports that have compared these two 
breeds at a constant subcutaneous fat measurement (Wolf et al., 1980; Croston et al., 1987). 
Leymaster and Smith (1981) estimated higher percentages of PBTRC in Suffolk and 
Columbia sired offspring compared to our study (about 74 vs 45%, respectively). However, 
they used, a different equation; one proposed by Tuma et al. (1968). 
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Means of body wall thickness, an additional estimate of cutting ability of carcasses, 
indicated that Texel and Suffolk crossbred iambs had similar BWT but Columbia crossbreds 
had more BWT than Texel and Suffolk crossbreds (P = .032 and .097, respectively). These 
values were 2.95,2.99 and 3.21 cm, respectively. 
Te.xel crossbred lambs were similar to Suffolk crossbreds in rear leg width (RLW), 
but they were superior (? = .031) to Columbia crossbred lambs (59.7,58.6 and 58.0 cm, 
respectively). 
Texel crossbred lambs were shorter {P = .001) in carcass length (CL) than Suffolk 
and Columbia crossbreds (77.8, 81.2 and 80.1 cm, respectively). Differences between 
Suffolk and Columbia crossbreds were also significant for CL {P = .096). These results are 
in agreement with those of Leymaster and Jenkins (1993) and Ellis etal. (1997). 
Quality grades were not affected by sire breeds and averaged high Choice. Leymaster 
and Smith (1981) and Leymaster and Jenkins (1993) also did not find any differences in QG 
between Suffolk and Columbia, and Suffolk and Texel sired lambs, respectively. They too 
reported average Choice carcasses. 
Carcass parameters of lambs finished in FPl or FP2 are listed in Table 9. Dressing 
percentage favored (f = .029) FPl primarily because the system produced fatter lambs than 
FP2. Lambs finished in FP1 had more BF (P = .057) and BWT (P = .007) than lambs 
finished in FP2 (.64 vs .54 and 2.85 vs 2.57 cm, respectively). Hotter et al. (1991) and 
Meyer et al. (1993) also noted more BF in lambs going directly to feedlot following weaning 
than lambs pasture fed before going to feedlot. Chestoutt (1994) noted that increased growth 
rate between 13 wk and slaughter firom 136 to 338 g/d significantly increased carcass fat and 
quality grades. Source of energy available may also influence carcass composition. When 
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cattle are fed to grow rapidly on high grain diets, nutrient partitioning increasingly favors fat 
deposition as rates of gain increase beyond physiological limits for protein growth. The 
actual partitioning of absorbed nutrients between protein and fat deposition also depends on 
stage of growth and intake of required nutrients. The energy that is provided above 
maintenance and protein growth requirements enhances rate of lipid deposition and 
accumulation of fat (Byers, 1982). Priorities for fat deposition increase with weight, age, rate 
of growth, and proximity to maturity (Byers and Scheiling, 1988). The reduction in backfat 
and body wall thickness is of some importance to the sheep industry for producing percent 
boneless closely trimmed retail cuts, and for consumers' preference. 
Table 9. Carcass performance of lambs finished in the feedlot or on pasture and 
in the feedlof 
Carcass traits Finishing programs P-values 
FPl^ FP2 
Number on Iambs 40 35 -
Slaughter age, d 180.0 ±1 211.0 ±1 .001 
Carcass weight, kg 29.3 ±.6 28.2 ± .6 .169 
Dressing percentage, % 51.7 ±.3 50.8 ±.3 .029 
Percent Boneless closely 45.5 ±2 46.4 ±.2 .001 
trimmed retail cuts (PBTRC) 
Backfat, cm .64 ± .04 .54 ±.04 .057 
Loineye area, cm" 15.5 ±.2 16.4 ±3 .020 
Body wall thickness, cm 2.85 ± .07 2.57 ±.07 .007 
Quality grade'^ 12.2 ±2 12.1 ±2 .744 
Rear leg width, cm 58.7 ±.3 58.8 ±.3 .804 
Least square means ± SE; all traits except carcass weight and PBTRC adjusted 
for carcass weight. 
FPl = direct feedlot, FP2 = pasture followed by feedlot. 
Low Choice = 10; Average Choice =11; High Choice = 12. 
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Lambs in FPl had less LEA (P = .02) and PBTRC (P = .001) than lambs in FP2 (15.5 
vs 16.4 cm" and 45.5 vs 46.4%, respectively). Texels crossbred lambs finished on FP2 had 
more LEA than Texels finished on FPl (17.5 vs 15.9 cm", respectively; ? = .01). However, 
there were no differences between Suffolk and Columbia crossbred iambs finished in either 
finishing system (FPl or FP2). Quality grades and rear leg width of lamb carcasses did not 
differ between the two finishing programs. 
The interaction between sire breeds and fimshing programs for all carcass traits 
studied were nonsignificant except dressing percentage (P = .05). Dressing percentage of 
Texel and Columbia crossbred lambs did not differ between FPl and FP2, however Suffolk, 
crossbreds had higher DP (P = .003) ia FPl than FP2 (52.69 vs 50.44%, respectively). 
Correlatioa coefficients between carcass parameters were generally homogenous 
among breeds (Table 10: Appendix 2). Slaughter weight was positively correlated (P < .05) 
with LEA (r = .70), BF (r = .38) and BWT (r = .54). However, the relationship of slaughter 
weight was nonsignificant with quality grade (r = .08). The LEA was related to BWT (r = 
.37) and was not related to BF (r = .14) and QG (r = .22). The BWT was positively (P < .05) 
correlated with BF (r = .53) and QG (r = .23). However, the relationship between BWT and 
BF was affected by sire breeds (P < .05); the relationship was greater for Texel crossbred 
lambs (r = .75), followed by Suffolk crossbred lambs (r= .44) and Columbia crossbred lambs 
(r = 27). The larger association for Texel crossbred lambs indicated that body wall was 
continuing to grow in proportion to subcutaneous fat deposition compared to Suffolk and 
Columbia crossbred lambs. The relationship between BF and QG was not significant (r = 
.09). Snowder et al. (1994) also found homogenous correlations among carcass traits for 
RambouiHet, Targhee and Polypay sheep breeds. However, they observed, heterogeneous 
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correlations between Columbia and three other breeds (Rambouillet, Targhee and Polypay). 
Butterfield (1988) reported that homogenous correlations among carcass traits occurred when 
breed comparisons were made at or near equivalent stages of physiological maturity. 
Table 10. Pooled homogeneous correlation coefficients between live and carcass 
traits of Texel, Suffolk and Columbia sired crossbred lambs'^ 
Carcass traits SW LEA BF BWT QG 
Slaughter weights (S W) 1.00 .70 .38 .54 .08 
Loin eye area (LEA) 1.00 .14 .37 .22 
Back fat (BF) 1.00 .53" .09 
Body wall thickness (BWT) 1.00 .23 
Quality grade (QG) 1.00 
^ Values > .23 were significant {P < .05). 
Relationship was heterogeneous among sire breeds (P < .05). 
Breed specific prediction of LEA was accomplished by regression analysis using 
slaughter weight (SW) of lambs (Figure 3). The regression coefficients (slope) predicting 
LEA from slaughter weight were homogeneous among Texel, Suffolk and Columbia 
crossbred Iambs. The regression equation for Texel crossbred lambs is LEA = 5.156 + .206 
(kg of S W), = .43; the equation for Suffolk crossbred lambs is LEA = 1.778 + .240 (kg of 
S'W)^ R," = .63; and the equation for Columbia crossbred lambs is LEA = 5.267 +.183 (kg of 
SW), R^= .43. At a given live weight of 50 kg, Texel, Suffolk and Columbia crossbred 
Iambs, had predicted 16.49,14.98 and 15.33 cm" of LEA. For each gain of one kilogram in 
live weight, there would be an increase of .21, .24 and .18 cm" in LEA, respectively, for 
Texel, Suffolk and Columbia crossbred lambs. 
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Figure 3. Regression of loineye area on slaughter weight in Texel, Suffolk 
and Columbia crossbred lambs. 
Implications 
Texel crossbred lambs have relatively more lean mass than Suffolk and Columbia 
crossbred lambs. However, increase in lean mass by Texel crossbred lambs is 
counterbalanced by slower growth rate than found in Suffolk and Columbia crossbred Iambs. 
Finishing Iambs on grazed pasture before entry into drylot can lead to production of leaner 
carcasses with reduced backfat and without affecting quahty grades. 
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CHEPTER4. GENERAL CONCLUSIONS 
General Discussion 
In this study the major advantage of forage based lambing, was reduced lamb 
production cost. The reduced production cost occurred through savings in labor and feed 
costs. Burfening and Van Horn (1993) also found reduced costs of lamb production in range 
lambing as compared to costs of production in shed lambing. Forage based lambing systems 
can be successfully implemented to reduce the costs of production. There are some risks of 
inclement weather and increased internal parasites m young lambs. Predators' risks are also 
increased and must be addressed to provide some level of control. Triplet bom lambs had 
poor survival rates, which indicated that highly prolific ewes might not be suitable for 
pasture lambing systems. Texel rams sired offspring that consistendy performed equal, until 
weaning, to those of Suffolk rams and better than those of Columbia rams. Texel crossbred 
lambs had relatively more lean masses than Suffolk and Columbia crossbreds. However, 
increase ia the lean masses of Texel crossbred lambs is counterbalanced by slower growth 
rate than that of Suffolk and Columbia crossbreds. The finding that Texel sired lambs had 
higher carcass lean proportion than those lambs sired by Suffolk is similar to a number of 
reports (Crostonetal., 1987; Leymaster and Jenkins, 1993; Ellis etal., 1997). Post-weaning 
daily gains were higher in the direct fi:om weaning to feedlot system than for lambs placed on 
pasture at weaning before going in the feedlot. The difference in gains led to an increase of 
one month to reach slaughter weight for lambs that initially grazed as compared to lambs 
placed directly in the feedloL Amold and Meyer (1988), Notter et al. (1991) and Murphy et 
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al. (1994) observed similar resists. Finishing systems based on grazing pasture before going 
to the feedlot can lead to leaner carcasses with reduced backfat and body wall thickness 
(BWT), and without effecting quality grades. From producers' perspectives, feed that is 
converted by lambs into fat over the 12"* and 13"' ribs is a waste of energy and money. The 
reduction in backfat and BWT is of some importance to the sheep industry for producing 
percent boneless closely trimmed retail cuts, and for consumers' preference. 
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APPENDIX 1. ECONOMIC ANALYSIS OF A FORAGE BASED LAMBING 
SYSTEM 
Years 
A. Revenue from lambs weaned 1993 1994 Average 
Ewe stocking rate per hectare 16.45 16.45 16.45 
Mean lamb weaning weight (kg) 22.6 24.90 23.8 
Numberof lambs weaned 100 92 96 
Total weight of weaned Iambs (kg) 2256.00 2286.20 2271.00 
Pasture land used (hectares) 6.07 6.07 6.07 
Total weight of weaned lambs per hectare (kg) 371.7 376.6 374.2 
Value of lambs weaned (@$1.65/kg) $3,722.40 $3,772.23 $3,747.15 
Revenue from lambs weaned per hectare per year $613.25 $621.45 $617.43 
B. Estimated feeding cost on one hectare of pasture land under a grazing system'' 
Cost of pasture land per hectare $ 130.59 
Hay needed for wintering one ewe (kg) 180 
Cost of hay per kilogram $.10 
Wintering cost per ewe $ 18 
Wintering cost per hectare $296.1 
Total feeding costs on one hectare per year $426.69 
Total feeding costs per ewe per year $25.94 
C. Estimated feeding cost under an intensive system** 
Ewe stocking rate per hectare (25% more than grazing system) 20.56 
Cost of pasture land per hectare $ 130.59 
Hay(k^ewe) 318 
Grains before lambing (kg/ewe) 20 
Grains during lactation (kg/ewe) 50 
Total hay and grains (kg/ewe) 388 
Cost of hay and grains per kilogram $. 10 
Cost of hay and grains per ewe $3 8.80 
Total cost of hay and grains for ewes stocked on one hectare $797.83 
Total feeding costs on one hectare per year $928.42 
Total feeding costs per ewe per year $45.15 
D. Savings on feed alone 
Feeding cost under intensive system per hectare $928.42 
Feeding cost under grazing system per hectare $426.69 
Savings per hectare $501.73 
Savings in feed costs per ewe per year $19^21 
Adopted from Strohbehn (1998). 
** Feed needs dxiring gestation and lactation for an average size ewe with, fertility rate 1.7: 
adopted from Ricketts et al. (1993). 
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APPENDIX 2. COMPARING CORRELATION COEFFICIENTS AMONG 
CARCASS CHARACTERISTICS 
r zT" zi^ ni (nr3) (nr3)zi (a?5)zp Zw" 
Slaughter weight with loineye area 
I .66 .7928 .629 30 27 21.406 16.983 
2 .80 1.0986 1.207 23 20 21.972 24.138 
J .66 .7928 .629 30 27 21.406 16.983 
Sum 74 64.783 58.104 1.36 .8754 .70 
Slaughter weight with backfat 
1 .63 .7414 .550 31 28 20.759 15.391 
2 .24 .2448 .060 23 20 4.896 1.199 
3 .16 .1614 .026 30 27 4.358 .703 
Sum 75 30.013 17.293 5.28 .4002 .38 
Slaughter weight with body wall thickness 
1 .71 .8872 .787 31 28 24.842 22.039 
2 .29 .2986 .089 23 20 5.972 1.783 
3 .51 .5627 .317 29 26 14.630 8.232 
Sum 74 45.444 32.055 4.15 .6141 .54 
Slaughter weight with quality grade 
1 .10 .1003 .010 31 28 2.808 .282 
2 -.10 -.1003 .010 23 20 -2.006 .201 
J .19 .1923 .037 30 27 5.192 .998 
Sum 75 5.995 1.481 LOO .0799 .08 
Loineye area weight with backfat 
1 .28 .2877 .083 30 27 7.768 2.235 
2 .11 .1104 .012 23 20 2.208 .244 
J .02 .0200 .000 30 27 .540 .011 
Sum 74 10.516 2.489 1.00 .1421 .14 
* Sire breeds where 1 = Texel, 2=Suffolk and 3 = Columbia. 
" Correlation coefficient. 
*** Fisher's transformation (inverse hyperbolic tangent of r). 
' r = 2:(nr3)Zi'- {[(Z(nr3)z,-lV [I(nr3)I}; r^v.2)= 5.99, x'okv-i) =9.21, I^ool(v»2) = 10.6. 
V = Z(nr3)Zi/S(nr3). 
* Common correlation coefficient. 
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Appendix 2. continued 
i "  n "  Z i"  z f  ni (ni-3) (nr3)Zi (nr3)z> 
Loineye area with body wall thickness 
1 .44 .4722 .223 30 27 12.749 6.020 
2 .31 .3205 .103 23 20 6.410 2.054 
3 .49 .3561 .127 29 26 9.259 3.297 
Sum 73 28.418 11.372 .31 .3893 .37 
Loineye area with quality grade 
1 .22 .2237 .050 30 27 6.040 1.351 
2 .16 .1614 .026 23 20 3.228 .521 
3 .26 .2661 .071 30 27 7.185 1.912 
Sum 74 16.453 3.784 .13 .2223 .22 
Backfat with Body wall thickness 
1 .75 .9730 .947 31 28 27.244 26.508 
2 .44 .4722 .223 23 20 9.444 4.459 
3 .27 .2769 .077 29 26 7.199 1.994 
Sum 74 43.887 32.961 6.93 .5931 .53 
Backfat with quality grade 
1 .21 .2132 .045 31 28 5.970 1.273 
2 .22 .2237 .050 23 20 4.474 1.001 
3 -.13 -.1307 .017 30 27 -3.529 .461 
Sum 75 6.915 2.735 2.10 .0922 0.09 
Body wall thickness with quality grade 
1 .25 .2554 .065 31 28 7.151 1.826 
2 .38 .4001 .160 23 20 8.002 3.202 
3 .08 .0801 .006 29 26 2.083 .167 
Sum 74 17.236 5.195 1.18 .2329 .23 
* Sire breeds where I = Texel, 2 = SufTolk and 3 = Columbia. 
'* Correlation coefficient. 
*" Fisher's transformation (inverse hyperbolic tangent of r). 
^ r = S(nr3)Zi-- {[(Z(nr3)ZilV tl(nr3)l}; rj«(v.i)=5.99, r.oi(v.D =9.21, yc'oouv.w = 10.6. 
*A, = S(nr3)Z[/Z(nr3). 
^ Common correlation coefficient 
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